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 99 )ألهعام (
 
عن ربيعة بنت عياض قالت: مسعت عليًا )رض( 
رواه “لكوا الرمان بشحمو فٕاهو دابغ املعدة ”:يقول




















I would like to dedicate this study to: 
- The spirit of  my father and mother  
- My wife  
- Brothers  
- Sisters  






























I hereby declare that this submission is my own work and that, 
to the best of my knowledge and belief, it contains no material 
previously published or written by another person nor material 
which to a substantial extent has been accepted for the award of 
any other degree of the university or other institutes, except 
where due acknowledgment has been made in the text. 
 
        Signature 
 








All rights reserved: No part of this study can be copied, translated or 












Introduction: Intestinal infection with Entamoeba histolytica is an important 
cause of diarrhoea world-wide especially where sanitation conditions are poor. 
Medicinal plants have played a significant role in various traditional systems of 
medications including intestinal infections caused by E. histolytica. 
Objectives:  To investigate the antiamoebic activity of pomegranate, castor and 
thyme aqueous and alcoholic extracts, in addition to thyme oil and pomergnate 
juice against E. histolytica and to determine the synergistic effect of these plant 
extracts with the antibiotic metronidazole. 
Methods: Three medicinal plants pomegranate (Punica granatum), castor 
(Ricinus communis L) and thyme (Thymus vulgaris L) were used in this study. 
Some of these plants were bought from fruit's market in Gaza and some were 
collected from some regions in Gaza; each plant was dried then extracted 
according to standard extraction method using Soxhlet apparatus. E. histolytica 
was cultured in a modified diphasic liver infusion agar medium in vitro 
conditions to study the effect of these plant extracts on E. histolytica and their 
synergestic effect with the antibiotic metronidazole. The type of E. histolytica 
was confirmed using PCR. 
Results: Successful cultures of E. histolytica were obtained. All the plant 
materials used in this study possessed antiamoebic activity in vitro with 
different levels except the aqueous extract of R. communis leaves which also 
was the only one didn‟t show synergistic effect with metronidazole at tested 
concentrations. Alcoholic extract of P. granatum pulp had the strongest 
antiamoebic activity with MIC of < 5 mg/ml while the aqueous extract of T. 




Oils and juice: P. granatum juice possessed antiamoebic activity and 
synergistic effect with a MIC < 12.5 % (v/v). T. vulgaris oil not only possessed 
antiamoebic activity and synergistic effect but also had the strongest activity 
and a MIC of < 6.5% (v/v), and the best synergistic effect. Metronidazole is still 
effective against E. histolytica with a MIC < 20 µg/ml and exhibit greater 
amoebicidal activity as compared with the plant extracts. 
It is recommended that pomegranate and thyme should be advised by 
physicians to treat E. histolytica infection with or without metronidazole. The 
plant extracts   which showed a good amoebicidal activity in vitro should be 
tested in vivo on experimental animals to evaluate their amoebicidal effect and 
their synergistic effect with metronidazole on E. histolytica and also 
recommended to raise awareness regarding the use of medicinal plants to treat 
parasitic infections. 
Key words: Synergistic effect, pomegranate, castor, thyme, Entamoeba 












ل على لميترونايدازولنباتات الطبية ومدى تآزرها مع ابعض ا أثرم يتقي
 على مسبب الزحار األميبي " أنتميبا هستوليتكا"
 
حار مسببا رئيسيا لإلسهال حول العالم وخصوصاا ياي ز تعتبر االلتهابات المعوية التي تسببها أميبا ال -المقدمة :
ال بيااة  ورا مامااا يااي الع ياا  ماان اشن مااة  لعباات اشابااا  ولقاا  ، المنااا ا التااي تعاااني ماان اصااور يااي الن ايااة
 . بما ييها معالجة الزحار اشميبي الذي تسببه أميبا الزحار ال بية التقمي ية
لمااوا  النباتيااه المسااتخ مة يااي مااذل ال راسااة ومااي المسااتخم المااائي ا تاار ير تحقااا ماان ال -أهدددال الدةا:ددة :
ااية الا   لا   والرماان  الخارو  ، ابارورا  ورا الزاتر ، :لكل من  والكحولي  و اصاير الرماان الرماان باض
اية ال   كل منهم ببكل منفصل يت الزاترز  النباتية كل  المستخمصاتبين كل مذل  التآزري التر ير يميتق، باض
ا  الحيوي  ِحَ ة  ام    ار .حل ا  أميبا الز الميتروناي ازو مع الم
حياث تام  بارا   ، ال راسة وماي الزاتار ، الرماان ، و الخارو تم استخ ام  الث نباتات يي مذل  -طةيقة العمل :
واا التجارية يي غزة و بعاها االخر تم جمعة من بعض المناا ا ياي غازة سبعض الموا  النباتيه من بعض اال
ماات امميااة االسااتخال بنااا  اماا   ريقااة االسااتخال ت. بعاا  تجفيااج اشجاازا  المسااتخ مة  ماان مااذل النباتااات 
مت . بع  ذلك تم تنمية أميبا الزحار يي وسا  معا ل  ناائي ال اور مان نقياع استخ ام جهاز سوكسلقياسية وذلك با
 . PCRالكب  مع اشجار بع  الترك  من نو  اشميبا المستخ مة وذلك ان  ريا يح 
وماان  نماات اشميبااا بنجااح يااي مااذل ال راسااة وبعا  ذلااك تاام اختبااار تار ير المااوا  النباتيااة اميهااا  -نتددج ا الدةا:ددة :
ا  شميبا الزحار بمساتويات مختمفاة باسات نا   خالل ال راسة تبين ان جميع الموا  النباتية المستخ مة لها تر ير م
ِ المسااتخم المااائي لااور  ياا ازول اناا  التراكياااز تاار ير تااآزري ماااع الميترونا  ا الخاااروح ومااو الوحياا  الااذي لااام يعاا
ا  لألميبا حياث كاان حيث أن المستتخم الكحولي لم  الرمان . المستخ مة  لاه    MICأا ي أاوى تر ير م
اا  لألميباا ماع بينما المساتخم الماائي لاورا الزاتار أا ا ، ممجرام / مل 5 أال من  ال تاا ير م   MIC ي أ
ااتال اما  اشميباا ممجرام / مل 20 أال من  . المستخم المائي لورا الخرو  مو الوحي  الاذي لام يع اي تار يرا 
اا  لألميباا و كاان ير تآزري ان  التراكيز المستخ مةي تر و كذلك ليس له أ   MIC. اصير الرمان لاه تار ير م
اا  لألميباا   . زياتتار ير تاآزري ماع الميترونايا ازول % وكذلك كان له 1225 أال من له   والزاتار لاه تار ير م
MIC    وكذلك له تر ير تآزري مع الميتروناي ازول . 525 أال من % 
اا  أميبااا الزحاار حيااث ان ايمااة الميترونايا ا ميكروجاارام/ ماال حيااث  20 أاال ماان لااه   MICزول ال زال يعاااال 
 النباتية المستخ مة . المستخمصاتأا ي تر ير أاوى من تر ير 
ا  الزحاار اشميباي باان يتنااولمن خاالل ماذل ال راساة ان ياتم التوصاية مان ابال اش باا  المعاالجين  ينصح  لمر
اا  ال  ااة ياااو مااع الميترونا عااالج شميبااا الزحاااركالرمااان والزاتاار  ميبيااة ساانتاريا اشو مر  ازول مااع تخفيااج جر
ااا  شميبااا الزحااار خااارج  الاا  النصااج .  الميترونياا ازول  كمااا ينصاان باارن المااوا  النباتيااة التااي أا اات تاار ير م
اا  اشميبااا لتقياايم تر يرمااا و االاتهااا التآزريااة مااع الميتر  ان تاا رس  اخاال كائنااات حيااة الكااائن الحااي  وناياا ازول 
ااالج الع ياا  ماان  .المساببة لمزحااار ن االنتميبااا مسااتوليتكا  كمااا يصنصان بزيااا ة الااواي برمميااة النباتااات ال بياة يااي 
 اشمراض التي تسببها ال فيميات.
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Amoebiasis is a disease caused by a parasite called Entamoeba histolytica. The 
parasite is passed in the stool of an infected person, its also may be found in soil, 
food, water, or surfaces that have been contaminated with the feces from infected 
humans. The parasite is protected by an outer shell that allows it to survive outside 
the body and in the environment for long periods of time. Amoebic dysentery is a 
severe form of amoebiasis. The symptoms include stomach pain, bloody stools, and 
fever. In rare cases E. histolytica invades the liver and forms an abscess. Even less 
commonly, it spreads to other parts of the body, such as the lungs or brain (NSDHW, 
2003). Published prevalence rates of cyst passage vary from place to place with rates 
generally higher in areas with poor sanitation (Heyman, 2004).      
Intestinal infection with E. histolytica is an important cause of diarrhoea world - 
wide, especially where sanitation condition is poor. Infection mainly affects the 
colon resulting in a dysenteric syndrome. It differs clinically from bacterial dysentery 
in the onset is less acute, developing over several days. The patient may experience 
6-12 stools per day. Abdominal cramps are less severe than in bacterial dysentery 
(Gillespie and Hawkey, 1995). The amoeba responsible for such misery is the third 
most common cause of parasitic death in the world. Close to 500 million people are 
infected at any one time, with 100,000 deaths per year (Roberts et al.,  1996).  
Intestinal amoebiasis is a potentially serious infection, although trophozoites may 
inhabit the intestines for years without causing damage or symptoms, during which 
time the person infected is an asymptomatic carrier. The majority in whom amoebal 
infections exist will fall into this group and they may spend most of their lives 
unaware of the infection. But some who are infected will develop amoebic colitis or 




1.2 Parasitic infections in Gaza  
Intestinal parasitic infection in Gaza is still a problem due to poor sanitation, high 
population density, bad hygiene habits, and poor health education (Shubair et al., 
2000). Studies carried out in Gaza Strip about the prevalence of parasitic diseases 
among school children revealed a low, moderate and high prevalence of intestinal 
parasitic infections  among the following populations; Pre-school children from Al-
Shatei refugee camp children aged 6-12 years (48%); children from Gaza (27.6%); 
children aged 6-12 years old from Deir El-Balah (36.3%); children from  Beit-lahia 
(72.9%) and children aged 6-12 years old from three localities in  Gaza Strip 
(28.9%), (Al-wahaidi, 1997;  Kanoa et al., 2006).  
These studies indicated that the common parasites among school children were 
Ascaris lumbricoides, Entamoeba histolytica, Giardia lamblia, Hymenolepis nana, 
and Enterobius vermicularis. More than 50% of pre-school children in the Gaza Strip 
refugee camps are infected with intestinal parasites due to poor socioeconomic and 
environmental sanitation conditions in addition to lack of personal hygienic 
practices. The most common pathogenic parasites detected in Gaza city were E. 
histolytica/dispar (70.19%), A. lumbricoides (14.64%), and G.lamblia (10.34%). The 
other parasites present were Trichuris trichiura, H. nana, E. vermicularis, 
Strongyloides stercolaris, and Taenia saginata (El Kichaoi et al., 2004). In their 
study Al-Hindi and El-Kichaoi reported that the prevalence of E. histolytica / dispar 
among pre-school children in Gaza was 2.2 % (Al-Hindi and El-Kichaoi, 2008).  
The prevalence of gastrointestinal parasites among hospitalized children in Al-Nasser 
hospital in Gaza was about (33.7 %), and the most highly prevalent parasite was 
found to be E. histolytica /dispar (26%) (Al-Hindi, 2009). While the prevalence of 
intestinal parasite among all ages in Gaza was (24.6%), E. histolytica and G. lamblia 






1.3 Entamoeba histolytica 
E. histolytica is a protozoan parasite that causes amebic dysentery and liver abscess. 
The disease is common in tropical regions of the world where hygiene and sanitation 
is often approximate. Amoebic dysentery can occur in other primates, dogs, cats and 
rats. All other amoebae seen in feces are considered nonpathogenic commensals, it is 
important, however that each species be correctly identified to ensure proper therapy, 
if needed and to avoid un-necessary or in appropriate treatment because of 
misdiagnosis (Samie et al., 2012; Leventhal and Cheadle, 2002).  
Trophozoites of E. histolytica can sometimes remain in the intestinal lumen for years 
without causing any damage and in this case the patients who are asymptomatic are 
carriers who can potentially transmit the organisms to others. The majority (90 %) of 
patients fall into this group. Asymptomatic carriers are defined as those who are 
infected by a given organism but report no symptoms and show no signs of the 
condition of amoebiasis. Disease states in these persons can most often be detected 
by fecal analyses (Ridley, 2011). 
1.4 Drugs used for amoebiasis treatment 
Parasitic protozoa and helminthes result in losses of life and productivity in human 
and domesticated animals, there are no effective vaccines against any of the 
clinically important parasites. Drugs are the main stay in our control of parasitic 
protozoa, when simple prevention measures fail, protozoa share with their hosts a 
number of cellular organelles and metabolic pathways, but they nonetheless have a 
number of unique and exotic biochemical pathways. Many of the drugs directed 
against parasites have far from optimal pharmacological properties with narrow 
therapeutic indices and limiting host toxicity (Marr et al., 2003). Metronidazole, 
Tinidazole, Diloxanide Furoate, Dehydroemetine Emetine, Chloroquine, Iodoquinol, 
and Paromomycin are the common drugs currently used for the treatment of E. 




The use of drugs to treat E. histolytica infection depends on the site and type of 
infection as differentially effective in acute amoebic dysentery, a chronic intestinal 
amoebiasi, extra intestinal infection, and in the carrier state. Metronidazole or 
tinidazole followed by diloxanide for acute invasive intestinal amoebiasis resulting in 
acute sever amoebic dysentery. Diloxanide for chronic intestinal amoebiasis. 
Metronidazole followed by diloxanide for hepatic amoebiasis and diloxanide alone 
for the carrier state (Rang et al., 2007). 
Metronidazole is a synthetic nitroimidazole active against Trichomonas vaginalis 
(trichomoniasis), E. histolytica (amoebiasis), and G.lamblia (giardiasis); it is 
bactericidal against nearly all obligate anaerobic bacteria including Bacteroides 
fragilis. It is inactive against aerobic bacteria and requires microbial reduction by a 
nitro reductase enzyme to form highly reactive intermediates that disrupt bacterial 
DNA and inhibit nucleic acid synthesis, leading to cell death. The side effects of 
metronidazole are   Metallic taste in mouth and gastrointestinal (GI) complaints 
occur frequently with high dosages. Occasional dizziness and vertigo have been 
reported with very high dosages. Reversible mild neutropenia is reported 
occasionally. Reversible, rare, but severe peripheral neuropathy can occur with high 
dosages given over prolonged periods. Antibiotic-associated colitis has been reported 
rarely with oral metronidazole. The intravenus (IV) preparation is occasionally 
associated with phlebitis at the infusion site. Experimental production of tumors in 
some rodent species and mutations in bacteria have raised concern regarding 
potential carcinogenicity to date, human epidemiologic research has not detected any 
clear risk, although more data are needed (Anderson et al., 2002).  
1.5 Parasite resistance to drugs 
The arsenal anti protozoal dugs is thus limited and this is exacerbated by the 
emergence of drug resistance, with the development of new drugs proceeding slowly, 
the emergence of drug resistance in parasite protozoa and helminthes is becoming a 




Parasites like other living cells can evade drug action by a number of diverse and 
elegant biochemical mechanisms which are, hiding in sanctuary sites, modifying 
drug uptake system and altering membrane composition. Once inside parasites drug 
may be inactivated, execrated and chemically modified to facilitate excretion or 
routed into compartment away from the target site, drug activation mechanisms may 
be suppressed or lost.  The interaction of the drug with the target may be made less 
effective by increasing the level of competing substrate or by altering the target to 
make it less sensitive to the drug. The cell may learn to live with a blocked target by 
passing the block (Marr et al., 2003). 
1.6  Metronidazole resistance in Entamoeba histolytica  
Resistance to metronidazole in E. histolytica is related to overexpression of iron 
superoxide dismutase, over expression of peroxiredoxin, decrease of the expression 
of ferrodoxine and decrease in the expression of flavin reductase. The critical 
involvement of iron superoxide dismutase and peroxiredoxin was confirmed by 
episomal transfection of these antioxidant enzymes into metronidazole susceptible 
isolates which was associated with reduced drug susceptibility (Marr et al., 2003). 
1.7  Medicinal plants  
The term medicinal as applied to a plant indicates that it contains a substance or 
substances which modulate beneficially the physiology of sick mammals and that it 
has been used by man for that purpose, or medicinal plants are all higher plants that 
have been alleged to have medicinal properties i.e. effects that relate to health or 
which have been proven to be useful as drugs by western standards, or which contain 
constituents that are used as drugs (Lewington, 1993). 
Medicinal plants have played a significant role in various ancient traditional systems 
of medication such as the Chinese, Ayurvedic, and Unani. Medicinal plants still play 
an important role in emerging and developing countries of Asia, both in preventive 
and curative treatments, The high cost of modern drugs (most of which are imported 
from the West), their unavailability in remote areas, and, in particular, the serious 
side effects of certain drugs, have all led the pendulum of medical treatment to swing 
back to the side of traditional medicine in recent years (UNIDO – ICS, 2003). 
6 
 
Therefore, efforts should be made to invent new and more efficient drugs from 
natural   sources to avoid the side effects of the used drugs and to face the microbe 
resistance to these drugs. 
1.8 Definition of synergy  
 The literal meaning of synergy is „working together‟ but a useful definition is „an 
effect seen by a combination of substances that is greater than would have been 
expected from a consideration of individual contributions‟ (Heinrich et al., 2004). 
1.9 The general objective of the study:  
To investigate the antiamoebic activity of pomegranate (Punica granatum), castor   
(Ricinus communis L) and thyme (Thymus vulgaris L) aqueous and alcoholic extracts 
in addition to thyme oil and pomegranate juice against E. histolytica, and to determine 
the synergistic effect of these plant materials with the antibiotic Metronidazole. 
1.10 The specific objectives of the study: 
1. To cultivate   E. histolytica in modified diphasic  liver infusion agar media. 
2. To isolate and identify E. histolytica from stool samples by using different 
techniques which are : 
- Wet mount smear using saline and polymerase chain reaction (PCR). 
3. To assess the antiamoebic effect of the plant extracts and determine the minimum 
inhibitory concentration (MIC) values.  
4. To evaluate the synergistic effect of these plant extracts with Metronidazole in vitro. 










1.11 Significance of the study 
Gaza is considered one of the areas where parasitic infections are clearly prevalent, and 
as found in several previous studies.  E. histolytica is one of the most widely spread 
parasites in this area. Only limited numbers of drugs are available for the treatment of 
amoebiasis. Among them metronidazole is used for many years. But indiscriminate use 
may cause drug resistance (Bansal et al., 2006). In addition, the risk of potential 
mutagenicity, carcinogenicity, and side effects of metronidazole especially on 
pregnant, nursing women; and children is a major concern, so efforts should be done to 
invent new drugs from natural sources. Or at least prove that there is a synergistic  
effect between metronidazole and those plants, and therefore reduce the dose of 
metronidazole used to the half or less thus reduce its side effects and also reducing the 

























2.1  Previous studies  
Because of the side effects of antiamoebic drugs and because the safety use, and 
availability of medicinal plants many studies were done about the  effect of plant 
extracts against bacteria and parasites,  hereby summarize the findings of  : 
 
Wan Nor et al., (2012) explained the anti-amoebic activity of local honeys against E. 
histolytica. For this purpose trophozoites of E. histolytica HM1: IMSS (Mexico) strains 
were cultivated in TYI-S-33 medium. Tualang honey (collected from wild honey bees‟ 
hives on Koompassia excelsa or tualang tree) was supplied by Federal Agriculture 
Marketing Authority (FAMA), Malaysia and Metronidazole (5mg/ml) for examining 
their effect on E. histolytica trophozoites. For Tualang honey MIC assay, the majority 
of triplicate wells and repeated assays showed that the minimum concentrations that 
inhibited the growth of trophozoites (MIC) were 12.5% (w/v) and 6.25μg/ml for honey 
and metronidazole, respectively. 
 
El-Badry et al., (2010), studied the effect of Mentha longifolia and Ocimum basilicum 
against E. histolytica and G. duodenalis.  E. histolytica and G. duodenalis trophozoites 
were isolated from amoebic dysenteric and diarrheic patients feces with giardiasis. E. 
histolytica and G. duodenalis trophozoites were detected microscopically. E. 
histolytica trophozoites were confirmed by antigen-based fecal ELISA kits (E. 
histolytica II; TechLab, Blacksburg, VA Virginia, USA) specific for E. histolytica. 
Two plants of the family Lamiaceae, Mentha longifolia and Ocimum basilicum used in 
Saudi traditional medicine against intestinal disorders were selected to evaluate their 
water, ethanol and chloroform leaves extracts activity against E. histolytica and 
G.duodenalis trophozoites. Chloroform extract from O.basilicum was strongly active 
against G. duodenalis (IC50 = 53.31 μg/ml) and very active against E. histolytica 
(IC50 =68.62 μg/ml).  
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Ethanol extracts of both plants showed moderate activity against tested protozoa. M. 
longifolia chloroform extract had poor activity against E. histolytica and G. duodenalis. 
Giardia duodenalis was significantly more susceptible than E. histolytica. None of the 
water extracts of the two plants were active against tested protozoa. Such results 
indicate M. longifolia ethanol extracts and chloroform extract from O.basilicum as 
possible candidates for further investigations to isolate and characterize their active 
principles as possible new natural anti-protozoal agents. 
 
 In their study Sarker et al., (2010),  DS 4 868 strain of E. histolytica in LYI-S-2 
culture media was axenically cultivated to investigate the  antiamoebic activity of 
methanol extract of mature seeds of Carica papaya. MIC was defined as the lowest 
concentration of seed extract and metronidazole that inhibited the growth of E. 
histolytica after 48 hours incubation. All the trials of C. papaya suggested that the 
methanol extract of mature seeds of C. papaya had antiamoebic effect on trophozoites 
of E. histolytica and the MIC value was > 62.5 μg/ml while for metronidazole was < 
0.8 μg/ml. So their study suggested that the mature seeds of C. papaya have 
antiamoebic effect but less pronounced than metronidazole.  
 
In a study carried out in Iran by Behnia et al., (2008), E. histolytica, HM-1: IMSS 
strain was used in all experiments. The trophozoites were cultured axenically in screw-
capped tubes at 35.5 °C on Diamond's TYI-S-33 medium, supplemented with 10% 
(v/v) heat-inactivated bovine serum. The MIC for Allium sativum hydroalcoholic, 
hexanic extracts and essential oil after 24 hours was 60 mg/ml, 4 mg/ml and 0.4 mg 
/ml, respectively. After 48 hours the MIC for A. sativum hexanic extract and essential 
oil was 3 mg/ml and 0.3 mg/ml, respectively. MIC for metronidazole was obtained 2 
μg/ml and 1.5μg/ml after 24 hours and 48 hours, in that order. Iranian A. sativum is 
effective on the trophozoites of E. histolytica species and the essential oil exhibited the 






Al –Tikrity et al., (2008) studied the prevalence of E. histolytica in Baiji area in Iraq 
and the effect of P. granatum rind and pulp extract on the parasite.  
Stool samples collected from (118) males and (100) females during June 2006 – Feb - 
2007, at Baiji private clinical labs, were examined for E. histolytica. 
 Both direct examination and concentration (by zinc sulphate) methods used for E. 
histolytica examination.. According to these two methods, it was found that the total 
percentage of infection was 61.2% and 70.7% respectively, while in males was 31.2% 
and 35.8% and in females was 30.3% and 34.9%. In children 7-12 years the highest 
percentage of infection was 17.4%, it was found also that infection was higher in 
villages 38.1% than in the city 32.1% and in summer 37.6% than in winter 34.9%. 
After isolation and successful growing of E. histolytica on Liver Infusion Agar, the 
effect of different concentrations of aqueous and alcoholic plant extracts of Punica 
granatum on the parasite was tested. It was found that at certain concentrations of these 
extracts the parasite was completely inhibited. The tested extracts at IC50  were found 
to cause a clear reduction in protein, RNA and DNA of the parasite.  
 
Behnia et al., (2008), studied the effect of T. vulgaris extracts on E. histolytica. E. 
histolytica HM-1: IMSS strain was used in all experiments. The trophozoites were 
cultured axenically in screw-capped tubes at 35.5°C on Diamond‟s TYI-S-33 medium, 
supplemented with 10% (v/v) heat-inactivated bovine serum. The inhibitory capacity of 
the extracts and essential oil of T. vulgaris were assayed using eosin, as a result of 
which viable trophozoites of E. histolytica remained clear where as dead cells were 
light red in color. MIC for Hydroalcoholic extract of T. vulgaris was 4 mg/ml, Hexanic 
extract of T. vulgaris 4 mg/ml too, essential oil of T. vulgaris 0.7 mg/ml and MIC for 










2.2 Medicinal plants  
2.2.1 Punica granatum   (pomegranate)                      الرمان 
2.2.1.1 History   
P. granatum (pomegranate) is one of the oldest known edible fruits. It has been widely 
used in traditional medicine in America, Asia, Africa and Europe for the treatment of 
different types of diseases. In addition to its ancient historical uses, pomegranate is 
used in several systems of medicine for a variety of ailments (Olapour and Najaf zadeh, 
2010). In ayurvedic medicine, pomegranate is considered “a pharmacy unto itself” and 
is used as an anti-parasitic agent, a “blood tonic,” and to heal aphthae, and ulcers 
(Jurenka et al., 2008). Numerous historical evidences suggest that this fruit was one of 
the first 5 crops along with figs, dates, olives and grapes to be cultivated. Its 
domestication started 3000 - 4000 BC in the North of Iran and Turkey (Lye, 2008).  
From where it spreaded to other regions e.g. Mediterranean countries, India and China, 
possibly through ancient trade routes. The pomegranate cultivation and usages are 
deeply embedded in human history and its utilization has been found in many ancient 
cultures as food as well as a medical remedy (Holland and Bar-Ya‟akov, 2008). 
2.2.1.2 Morphology and classification  
P. granatum: (punicaceae) is a large tree 3-4 m high. Leaves are shiny green. Flowers 
are large bright orange to red. Fruit are globose to sub globose 8-12 cm in diameter 
with persistent tubular calyx and a leathry skin (Majeed and Mahmud, 1988). 
Pomegranate (P. granatum) is a fruit-bearing deciduous shrub or small tree growing 
between five and eight meters tall. The pomegranate is mostly native to the Iranian 
Plateau and the Himalayas in Northern India (Boukef et al., 1982; Nagaraju et al., 
1990).  The fruit is classified as a berry (Still, 2006), consisting of many closely packed 
















https://plants.usda.gov/core/profile?symbol=PUGR2 (Acssesed in 25 may 2014) 
2.2.1.3 Chemical contents  
The alkaloids contained in the root, tree bark, and to a lesser extent, fruit rind, cause 
the "tapeworm to relax its grip on the wall of the intestine" thus allowing the weakened 
parasites to be easily expelled by a second herbal drug, one which is cathartic (Wren, 
1988; Lansky et al., 2004).   
Pomegranate seed mainly consists of hydroxybenzoic acid. Conjugated fatty acids, 
non-conjugated fatty acids, sterols, tocopherols, triterpenes, isoflavones, phenyl 
aliphatic glycosides and lignins (Chaturvedula and Prakash., 2011). Pomegranate bark 
mainly composed of ellagitannins, including punicalin and punicalagin, numerous 
piperidine alkaloids, the most therapeutically beneficial pomegranate constituents are 
ellagic acid ellagitannins (including punicalagins), punicic acid, flavonoids, 
anthocyanidins, anthocyanins, and estrogenic flavonols and flavones (Juenka, 2008). 
Plantae – Plants Kingdom 
Tracheobionta – Vascular plants Subkingdom 
Spermatophyta – Seed plants Super division 
Magnoliophyta – Flowering plants Division 
Magnoliopsida – Dicotyledons Class 
Rosidae Subclass 
Myrtales Order 
Punicaceae – Pomegranate family Family 
Punica L. – pomegranate Genus 
Punica granatum L. – pomegranate Species 
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 The constituents of P. granatum include gallocatechins, delphinidin, cyanidin, gallic 
acid, ellagicacid,  pelargonidin and sitosterol, which have therapeutic properties (Singh 
et al., 2002). The rinds are very rich in tannin and contains the alkaloids pelletietine 
C8H15ON. The fruit rind is good for diarrhoea and dysentery (Majeed and Mahmud, 
1988). 
2.2.1.4 Medical importance  
Consumers across the world are becoming more interested in foods with health 
promoting functions as they gain more awareness of the links between food and 
health (Paseephol and Sherkat, 2009). In addition to use for cosmetic beautification 
(Kawamada and Shimada, 2002), and enhancement (Curry, 2004), hormone 
replacement therapy (Lansky, 2000), resolution of allergic symptoms (Watanabe and 
Hatakoshi, 2002). Also cardiovascular protection (Shiraishi et al., 2002; Aviram and 
Dornfeld, 2003), oral hygiene (Kim and Kim, 2002), ophthalmic ointment (Bruijn et 
al., 2003), weight loss soap (Guojian, 1995), and as an adjunct therapy to increase 
bioavailability of radioactive dyes during diagnostic imaging (Il‟iasov, 1975; 
Amorim et al., 2003). Modern uses of pomegranate derived products now include 
treatment of acquired immune deficiency syndrome (AIDS) (Lee and Watson, 1998).  
The most famous usage worldwide has been as a vermifuge or taenicidal agent 
(Zhicen, 1987; Kapoor, 1990), i.e., a killer and expeller of intestinal worms. 
Pomegranate from the tree (P. granatum), possesses strong antioxidant and anti-
inflammatory properties. Calzada et al (2006), observed the antiprotozoal 
chemotherapeutic effect of P. granatuma gainst E. histolytica and G. lamblia when 
used for treatment of diarrheic dysentery in Mexican traditional medicine. 
Concerning the anti-helminthic effect of P. granatumextracts, Amorin et al. (2003) 
documented promising anti schistosomal effect in the murine model. Toklu et al., 
(2007) reported that administration of P. granatum rind extract alleviated oxidative 





 Adhami and Mukhtar, (2007) defined the usefulness of P. granatum as dietary 
antioxidants for chemoprevention of cancer. Powder prepared from rind is used as a 
tooth powder and also as a medicine in cosmetic industries. Rind powder is excellent 
source of beta-carotene, potassium, phosphorous and calcium.  
The pomegranate rind exploited in folk medicine is their strong astringency, making 
them a popular remedy throughout the world, in the form of an aqueous decoction 
(i.e., boiling the hulls in water for 10-40 minutes), for dysentery and diarrhoea, and 
also for stomatitis (Boukef et al., 1982; Nagaraju et al., 1990). 
2.2.2   Thymus vulgaris 
Thymus vulgaris L.      (Garden Thyme)                 الزعتر 
2.2.2.1 History 
Thyme (Thymus vulgaris, belong to Lamiaceae), has a very long history of folk use for 
a wide range of ailments. It is an excellent antiseptic due to the presence of phenolic 
compounds, thymol and carvacrol. The genus Thymus comprising of around 300 
species of perennial, aromatic herbs and sub shrubs is predominantly found in 
Mediterranean region, Asia, Southern Europe and North Africa (Maksimovic et al., 
2008). It is well known aromatic plant and its essential oil and aromatic water are used 
in the mountain regions of the Mediterranean parts of Turkey. Thyme was used by the 
Greeks as incense in their temples and by the Romans in cooking and as a source of 
honey. Essential oils extracted from fresh leaves and flowers can be used as aroma 
additives in food, pharmaceuticals and cosmetics (Simon et al., 1999; Senatore, 1996). 
2.2.2.2 Morphology and classification  
T. vulgaris L. also known as common thyme, is a perennial, sub shrubs or shrubs, 
sometimes with herbaceous shape, but woody at the base, originally came from the 
mediterranean, that plant has grayish green leaves and it grows 15 to 31 centimeters 
high. Its flower is purple in color and bloom in summer (Hamideh et al., 2009). 
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T. vulgaris (garden thyme) is a small shrubby plant with a strong, spicy taste, and odor. 
This plant is indigenous to the Mediterranean region of Europe and is extensively 
cultured in the United States (Leung and Foster, 1996). 









https://plants.usda.gov/core/profile?symbol=THVU (Acssesed in 25 may 2014). 
2.2.2.3 Chemical contents 
T. vulgaris shows a polymorphic variation in monoterpene production, the presence of 
intra specific chemo type variation being common in the genus Thymus. Each of the six 
chemotypes, geraniol (G), α-terpineol (A), thuyanol-4 (U), linalool (L), carvacrol (C), 
and thymol (T), is named after its dominant monoterpene (Jthompson et al., 2003 ; 
Zekovic et al., 2002). Known primary constituents of the thyme include essential oil 
(borneol, carvacrol, cymol, linalool, and thymol), tannin, flavonoids (apigenin and 




Kingdom Plantae – Plants 
Sub kingdom Tracheobionta– Vascular plants 
Super division Spermatophyta– Seed plants 
Division Magnoliophyta–Flowering plants 
Class Magnoliopsida– Dicotyledons 
Subclass Asteridae 
Order Lamiales 
Family Lamiaceae– Mint family 
Genus Thymus L.– thyme 
Species Thymus vulgaris L 
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2.2.2.4  Medical importance  
T. vulgaris L. (thyme) is an aromatic plant belonging to the Lamiaceae family, used for 
medicinal and spice purposes almost everywhere in the world (Morales, 2002). Thymus 
species are considered as medicinal plants due to their pharmacological and biological 
properties. In native medicine, flowering parts and leaves of Thymus species have been 
extensively used as herbal tea, tonic and carminative (Rota et al., 2008). 
Thyme phytochemicals have been used as antioxidant (Remigins et al., 2008), 
antibactrial and antifungal (Bonjar et al., 2004; Oral et al., 2007). Antiprotozoal 
(Behina et al., 2008) and in wound healing (Dursun et al., 2003). Essential oil and 
extracts from fresh leaves and flowers can be used as aromatic additives in foods, 
pharmaceuticals, and cosmetics. T.vulgaris has antispasmodic, carminative, 
diaphoretic, expectorant, and sedative properties. As a tinture, extract, or infusion, 
thyme is frequently used in throat and bronchial problems, including acute bronchitis, 
laryngitis, and whooping cough, and also for diarrhoea, chronic gastritis, and loss of 
appetite (Leung et al., 1996).  The essential oil of T. vulgaris exhibited stronger activity 
against E. histolytica trophozoites than the extracts. In fact, (Lee et al., 2005) 
previously showed that the essential oil of T. vulgaris has greater antioxidant activity in 
comparison with its extracts. It seems likely that antiamebic activity of T. vulgaris is 
related to thymol, carvacrol, borneol, and linalool which are the most abundant 
compounds in the essential oil of plant (Goodner et al., 2006). Considering the above 
findings, T. vulgaris essential oil and extracts seem to be good antiamebic substitutes 
for metronidazole. 
The antiamoebic effects of hydroalcoholic and n-hexane extracts, as well as of the 
essential oil, of T. vulgaris against E. histolytica have been tested by Behnia et al., 
(2008), the minimal inhibitory concentration (MIC) of this plant‟s hydroalcoholic 
extract, hexane extract, and essential oil after 24 h was 4.0, 4.0, and 0.7 mg/ml, 
respectively. The main components of the essential oil are thymol, carvacrol, borneol, 
and linalool (Goodner et al., 2006), and the antiamoebic activity of the plant appears to 




2.2.3 Ricinus communis L.   ) Castor)    الخروع 
2.2.3.1 History  
The castor oil plant R. communis, also known as Palma (e) Christi or wonder tree, is a 
perennial scrub of the spurge family Euphorbiaceae. R.communis probably originates 
from Africa and was used in ancient Egypt and by the Romans and Greeks (Scarpa et 
al., 1982; Weiss et al., 2000). Nowadays the plant grows wild in many tropical and 
subtropical regions and is found as an ornamental plant virtually all around the world. 
Historically, the plant, the seeds and in particular the oil have been used for a variety of 
medical purposes, for example, as a laxative or for treatment of infection and 
inflammation (Scarpa et al., 1982). 
2.2.3.2 Morphology and classification  
R. communis L is a soft wooden small tree, wide spread throughout tropics and warm 
temperatures regions of the world (Parekh and Chanda, 2007). The term ‘Ricinus‟ is a 
Latin word for „tick‟ which describes the shape of castor seed. Castor plant is 
commonly known for it‟s oil yield and the term „castor‟ which means „beaver‟ (Latin), 
seems to have come from the word „castoreum‟, a perfume base made from the dried  
perineal  glands of the beaver. R. communis-linn is also known as castor bean and is a 
plant species of the Euphorbiaceae (Evans et al., 1996). R. communis is a perennial 
remarkable for the size of its leaves and its majestic appearance. It is a shrub or small 
tree that can grow to 2-4 m., branched, completely glabrous, a glaucous green with 
yellow parts that are often reddish. The leaves are simple, alternate, downy and with a 
long petiole bearing shield-like epidermic glands. The limb is palmate-lobed, divided 
to 7-9 lanceolated, irregularly toothed, glandulous lobes. The flowers are a petalous, set 
in several groups to form a wide-panicled inflorescence. The male flowers are found at 
the base of the bunch; their stamens are undefined, with many pollen loculi, and they 
hang together in much ramified bushes. The female flowers, set at the top of the bunch, 
have three red, length wise bifid styles.  The fruit is a 2-3 cm. capsule composed of 
three prickly shells; each loculus contains a shiny seed about the size of a haricot bean, 
with a caruncle, covered with a very hard yellow/brown (Bruneton, 1993). 
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https://plants.usda.gov/core/profile?symbol=RICO3 (Accsesed in 25 may 2014) 
2.2.3.3 Chemical content 
Castor oil contains approximately 90% of ricinoleic acid, which gives its oil some 
useful characteristics because of its alcohol solubility at 30°C. Apart from these 
advantages, it is known that the castor oil trans-esterification needs high excess of 
alcohol (65%) for a possible glycerin separation (Silva et al., 2006). Castor oil is rich 
in very unique hydroxy fatty acid; ricinoleic acid C18 H34O3 structurally as cis-12-
hydroxyoctadeca-9-enoic acid, 18-carbon hydroxylated fatty acid having one double 
bond (Conceicao et al., 2007). 
2.2.3.4 Medical importance  
The sole member of the genus ricinus and of the subscribe ricininae. The plant has 
been used for wound healing and as a cure for various ailments. This has earned it the 
name, Palma Christi (Palm of Christ) (Wedin et al., 1986).  
Plantae – Plants  Kingdom 
Tracheobionta– Vascular plants Sub kingdom 
Spermatophyta– Seed plants Super division 
Magnoliophyta–Flowering plants Division 
Magnoliopsida– Dicotyledons Class 
Rosidae Subclass 
Euphorbiales Order 
Euphorbiaceae– Spurge family Family 
Ricinus L.– ricinus Genus 
Ricinus communis L.– castor bean Species 
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The seed cake remaining after extracting the oil is used as fertilizer or cooked to 
destroy the toxin and incorporated into animal feeds. Not as popular as it once was, 
castor oil is still widely used in traditional and herbal medicine, especially in less 
developed countries. Its principal use in medicine is as a purgative and laxative. Castor 
oil is also used as a lubricant, lamp fuel, a component of cosmetics, and in the 
manufacture of soaps, printer‟s ink, plastics, fibers, hydraulic fluid, brake fluid, 
varnishes, paints, embalming fluid, textile dyes, leather finishes, adhesives, waxes, and 
fungicides. (Encyclopedia Brittanica, 2000). 
 Extracts from leaves and seed of castor bean R. communis L. (Euphorbiaceae) have 
been used successfully in the management of curculionids of agricultural importance 
(Niber, 1994; Tinzaara et al., 2006).  They cause death by ingestion and contact (Calle 
et al., 1996), may repel the insects or have insectistatic properties, the extracts made 
with water, ethanol, methanol, dichloromethane, petroleum ether and hexane 
(Rodríguez, 2005), have been shown to have biological activity against insects 
(Upasani et al., 2003; Mushobozy et al., 2009). Ricin contained in R. communis is a 
well-known poisonous compound that elicits violent purgative action in man (Trease 
and Evans, 2002). In the traditional system of medicines, euphorbiaceae plants are 
used to treat various microbial diseases such as diarrhoea, dysentery, skin infections 
and gonorrhea (Ajibesin et al., 2008). The effects of plant extract on bacteria have been 
studied by a very large number of researches in different parts of the world (Ates et al., 
2003). There are several reports in the literature regarding the antibacterial activity of 
crude extracts prepared from plants (El-seedi et al., 2002). 
Good old castor oil is made from the pretty spotted beans of this large exotic-looking 
annual plant. The seeds‟ oil is almost colorless and without a strong odor, but it has a 
highly nauseating disagreeable taste. Castor oil was widely used as a laxative in acute, 
temporary constipation, especially in children and the elderly. A topical ointment of 
castor oil also was used for leprosy, ringworm, and itching skin lesions. The oil had 
many other uses, such as making soap, artificial rubber and leather, candles, furniture 
polish, and cleaning solution for oil paintings. In ancient Greece and Egypt the plant 
was valued for its oil for lamps and unguents. The seeds contain a very powerful 
poison (ricin), but ricin is water soluble and is not present in processed castor bean oil. 
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Ricin is a potent cytotoxin, and when ingested it quickly damages the cells lining the 
GI tract resulting in abdominal pain, vomiting, and often bloody diarrhoea, followed by 
dehydration, loss of renal function, and hypotension. Death or recovery is expected in 
3-5 days. Castor bean plants in the garden should not be allowed to flower or set seeds 
when children are present and likely to be attracted to the pretty beans, because a single 
chewed bean can be fatal (Hull, 2010). 
2.3 Entamoeba histolytica 
Amoebiasis caused by the protozoan parasite E. histolytica was first recognized as a 
deadly disease by Hippocrates who described a patient with fever and dysentery (460 
to 377 B.C.). With the application of a number of new molecular biology-based 
techniques, tremendous advances have been made in our knowledge of the diagnosis, 
natural history, and epidemiology of amoebiasis. Amoebiasis remains an important 
health problem in tropical countries where sanitation infrastructure and health are often 
inadequate. Clinical features of amoebiasis range from asymptomatic colonization to 
amoebic colitis (dysentery or diarrhoea) and invasive extra intestinal amoebiasis, which 
is manifested most commonly in the form of liver abscesses (Samie et al., 2012). 
2.3.1 Morphology 
(a) Trophozoites :- Viable trophozoites vary in size from about 10-60 μm in 
diameter. Motility is rapid, progressive, and unidirectional, through pseudopods. The 
nucleus is characterized by evenly arranged chromatin on the nuclear membrane and 
the presence of a small, compact, centrally located karyosome. The cytoplasm is 
usually described as finely granular with few ingested bacteria or debris in vacuoles. 
In the case of dysentery, however, RBCs may be visible in the cytoplasm, and this 
feature is diagnostic for E. histolytica (Assafa et al., 2004). 
(b) Cyst :- Cyst range in size from 10-20 μm. The immature cyst has inclusions 
namely; glycogen mass and chromatoidal bars. As the cyst matures, the glycogen 
completely disappears; the chromotiodials may also be absent in the mature cyst 




2.3.2 Transmission of Entamoeba histolytica 
The transmission of E.histoyltica mainly through ingestion of faecally contaminated 
food or water containing amoebic cyst, which are relatively chlorine resistant. 
Transmission may occur sexually by oral-anal contact, patient with acute amoebic 
dysentery probably pose only limited danger to others because of the absence of 
cysts in dysenteric stools and the fragility of trophozoites (Heyman, 2004).      
2.3.3 Pathology   
The protozoan parasite, E. histolytica, is the causative agent of amoebiasis in humans. 
According to the best estimates (Walsh, 1986). More than 500 million people 
worldwide are infected, and up to 110,000 of those infected die every year (Troll et al., 
1997). The amoebic infection is the third most common cause of death among parasitic 
diseases, after malaria and schistosomiasis (Tanyuksel and Petri, 2003).  
E. histolytica is a parasite of the human large intestine, commonly contracted by 
ingesting contaminated water or food. The parasite has a two stage lifecycle consisting 
of a cyst, the infective stage outside of the host, and a trophozoite, the reproductive 
stage within the host. Invasive amebiasis results when trophozoites attack the gut wall, 
leading to diarrhoea, dysentery and in some cases dissemination to organs (commonly 
the liver) where abscesses result if amoebic is not treated (Pritt and clack , 2008).  
Most of the infections occur in the developing nations of Central and South America, 
Africa, and Asia. Microbial adhesion is often a first step during infections leading to 
overt disease. E. histolytica adheres to and destroys cells in the human gut, causing 
severe tissue damage in the colon and sometimes abscesses in the liver. Therapies 
aimed at blocking adhesion may prevent colonization and subsequent disease. Amoebic 
dysentery is diarrhoea with visible blood and mucus in stools and the presence of 
haematophagous trophozoites (trophozoites with ingested red blood cells) in stools or 
tissues; sigmoidoscopic examination reveals inflamed mucosa with or without discrete 
ulcers. Non dysenteric amoebic colitis presents as recurrent bouts of diarrhoea with or 
without mucus but no visible blood and presence of E. histolytica cysts or non 
haematophagous trophozoite (trophozoites with no ingested red blood cells) in stools, 
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and the results of sigmoidoscopic examination are usually normal. The most severe 
complication of amoebic colitis is fulminant or necrotizing colitis. It occurs in 0.5% of 
cases (Petri, 1999). Clinical symptoms of amoebic colitis include abdominal pain or 
tenderness, urgency to defecate, fever, weight loss, and diarrhoea or loose stools with 
mucus, blood, or both (WHO, 1997; Haque, 2003). E. histolytica colonizes and invades 
tissues via a surface adhesin-lectin that binds exposed terminal galactose/N-acetyl-D-
galactosamine (Gal/GalNAc) residues of target cell glycoproteins or glycolipids. 
Inhibition of the Gal/GalNAc lectin prevents amebic killing of host cells 
(Ravdin and Guerrant, 1981). 
2.3.4 Entamoeba histolytica life cycle 
As shown in (Fig 2.1),  the organism exists in two forms, the trophozoite or the 
dividing form and the cyst which is the dormant form. Human infection usually begins 
with the ingestion of the cyst which is present in food and/or water contaminated with 
human fecal material. Cysts survive the acidic pH of the stomach and pass into the 
intestine. In the ileo-cecal region, cysts undergo excystment and each cyst gives rise to 
eight trophozoites. These migrate to and multiply in the colon. In most cases, 
trophozoites in the intestine live as commensals. Occasionally, however, trophozoites 
attack and invade the intestinal mucosa causing dysentery and/or progress through the 
blood vessels to extra-intestinal locations like liver, brain and lungs, where they may 
form life-threatening abscesses. In the intestine, many of the trophozoites encyst and 
produce quadric nucleated cysts. Both trophozoites and cysts are excreted along with 
the feces. Cysts can survive for prolonged periods outside the host while the 
trophozoites survive only for a few hours. Trophozoites play no role in transmission of 
the disease but are responsible for producing tissue pathology. The reservoir of human 
infection is the "carrier" or asymptomatic human host who continuously passes cysts 




(http://www.cdc.gov/parasites/amebiasis/biology.html) (Accessed in 2 Dec 2013) 
Figure 2.1:  Life cycle of E. histolytica 
2.3.5 Diagnosis of Entamoeba histolytica 
1- E. histolytica may be recognized and identified by observation of the appearance of 
trophozoites and cysts in stained and unstained preparation and this amoeba cause 
amebic dysentery and amebic liver abscess (Pillati and Kain, 2000).  
2- E. histolytica, is more specifically detected by polymerase chain reaction (PCR). 
(Khan et al., 2006). 
3- Concentration techniques are performed in order to separate the parasites from 
faecal debris. Such techniques not only increase the number of parasites in the 
sediment but also unmask them, making them more visible by removing organic 
and inorganic debris. In most cases, diagnostic parasitology laboratories do not 
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know the consistency of the stool, therefore full concentration and permanent 
staining are recommended, the formal-ether sedimentation technique is a 
concentration technique that is widely used (Foreyt, 1989). 
4- Searching for adhesion specific antigen in stool by ELISA is a sensitive and 
specific method for the diagnosis of E. histolytica (Uyar et al., 2009). 
2.3.6 Treatment of Entamoeba histolytica. 
According to Rang et al., (2007) the use of drugs for amoebiasis treatment depends 
on the type of infections, these types are : 
1- Acute amoebic dysentery  
2- A chronic intestinal amoebiasis 
3- Extra intestinal infection   
4- And in the carrier state 
And they explained the use of drugs as follows:  
 Metronidazole or tinidazole followed by diloxanide for acute invasive intestinal 
amoebiasis resulting in acute severe amoebic dysentery. 
 Diloxanide for chronic intestinal amoebasis. 
 Metronidazole followed by diloxanide for hepatic amoebiasis 
 Diloxanide for the carrier state. 
 
2.3.6.1 Metronidazole 
According to Rang et al., (2007):  
A- Metronidazole kills the trophozoites of E. histolytica but has no effect on the 
cyst. 
B- The drug of choice for invasive amoebiasis of the intestine or the liver but is less 
effective against the organism in the lumen of gut. 
C- Metronidazole is activated by anaerobic organisms to a compound that damages 




2.3.6.2 Chemical composition and formulation of metronidazole  
Chemically, metronidazole is 2-methyl-5-nitroimidazole-1-ethanol (MZ) (Adegoke 
et al., 2009). According to Buhler, (1998) the formulation of metronidazole tablet 500 
mg is as follows: 
Metronidazole..................................500 mg 
Sorbitol, crystalline  ........................220 mg 
Kollidon 90 F  .................................10 mg 
Ethanol 96%.....................................ca. 75 mg 
Kollidon CL.................................... 20 mg 
Talc  .................................................4 mg 
Aerosil 200  .....................................0.5 mg 
Calcium arachinate  .........................0.5 mg 
 
2.3.6.3 Side effects of Metronidazole:  
 Rang et al., (2007), documented  the side effects of metronidazole as follows:  
1- The drug has a metallic bitter taste in the mouth. 
2-  Minor gastrointestinal disturbance have been reported, CNS symptoms 
(dizziness, headache and sensor neuropaths). 
3- Metronidazole shouldn‟t be used during pregnancy. 
4- Vomiting, stomatitis, vaginal and oral candidiasis. 
5-  Carcinogenesis and birth defects but neither have been documented in humans. 
6-  Urethral burning, vertigo, rash  and paresthesias. 
2.3.6.4 Mechanism of Action:  
The nitro group of metronidazole is chemically reduced by ferredoxin within 
sensitive organisms. Metronidazole serves as electron sink; the reduction products 
appear to be responsible for killing the organisms by reacting with various 
intracellular macromolecules and affect the helical structure of DNA resulting in 






2.3.7 Prevention and control  
 Heyman, (2004), suggested some measures that may be taken against E. histolyica 
infecting humans. Such measures include: 
1- Educate the general public in personal hygiene, particularly in sanitary disposal 
of feces and in hand washing after defecation and before preparing or eating 
food. 
2- Dispose of feces in a sanitary manner. 
3- Protect public water supplies from fecal contamination.  
4- Treat known carriers. 
5- Educate high risk groups to avoid sexual practices that may permit fecal- oral 
transmission. 
6- Health agencies should supervise the sanitary practice of who prepare and serve 






















    MATERIALS AND METHODS 
 
3.1 Materials 
3.1.1 Plant samples  
Three plant samples were used in the present study and includ the following:  
Table 3.1:  The plant materials used in the study. 
 
Latin name  Common name  Arabic name  Parts needed 
Punica granatum Pomegranate الرمان Dried rend and pulp 
Ricinus communis L Castor الخروع Dried leaves and seeds  
Thymus vulgaris L Thyme الزعتر Dried leaves  
 
 3.2 Methods  
3.2.1 Plant sample collection 
3.2.1.1 Pomegranates (Punica granatum)  
Pomegranates fruits were bought from fruit's market in Gaza city, after washing well 
under tap water, Pomegranates were divided into three parts  as shown in (Fig 3.1). 
1- Peels: (Rind) in this study peels are the outer leather skin of pomegranates. 
2- Pulp: (Albedo) non-edible white piths and membranes (skin) separating segments.  







Figure 3.1: Internal structures of pomegranate.   
 
After separating the pulp from peels and seeds, peels and pulp were cut into small 
pieces in order to dry faster as shown in (Fig 3.2),  those small pieces were shadow 




Figure 3.2: Pomegranate peels (rind) and pulps during drying process. 
  
During the drying period, peels and pulp were checked daily to remove the spoiled 
parts as well as removing the fungi which may have grown in some of those parts. 
In order to slow the growth of fungi or other organisms, and to allow for the dryness 





 Drying process continued for almost a month until plant parts (peels and pulps) 
became completely dry afterwards, they were grinded into fine powder using a mill. 
This fine powder was preserved in bottles at 4C°. 
3.2.1.2  Thyme (Thymus vulgaris L) 
Thyme leaves which shown in (Fig 3:3),  were collected from thyme grown in Gaza. 
Leaves were washed well under tap water, then left to dry in the shadow for a week. 
The leaves were flipped daily to remove spoiled ones and to prevent moisture. The 
well dried leaves were then ready to be grinded into fine powder using a mill. The 
fine powder was preserved in bottles at 4°C. Thyme oil which was used in this 
study was an Egyptian commercial product bought from El-Zawea market in Gaza. 
3.2.1.3 Castor (Ricinus communis L) 
Leaves of castor were collected from western Gaza. Those leaves were washed well 
under tap water, then were left to dry in the shadow, and were flipped daily to 
remove fungi infected and spoiled ones, and also to prevent moisture. After a week, 
leaves became well dried, and ready to be converted into fine powder using a mill. 
The powder was preserved in bottles at 4C°. (Fig 3:4) shows the castor leaves  used 
in this study. 
 






Figure 3.4: Leaves of castor used in the study. 
 
3.2.2 Hot continuous extraction (Soxhlet) 
Soxhlet  has been used for a long time as the standard technique, and the main 
reference for evaluating the performance of other solid–liquid extraction (or 
leaching) methods. Soxhlet extraction is a general and well-established technique, 
which surpasses, in performance, other conventional extraction techniques except 
for, in limited field of applications, the extraction of thermolabile compounds 
(Luque and Garcia, 1998). Sukhdev et al., (2008) explained the process of this 
method as following: the finely ground crude plant material  was  placed in a 
porous bag or “thimble” made of strong filter paper, which was placed in a chamber 
of the Soxhlet apparatus. The extracting solvent was heated in a flask, and its 
vapors condense in a condenser. The condensed extract drips into the thimble 
containing the crude plant material, and extracts it by contact. When the level of 
liquid in chamber rises to the top of siphon tube, the liquid contents of chamber 
siphon into the flask. This process is continuous and is carried out until a drop of 
solvent from the siphon tube does not leave residue when evaporated. The 
advantage of this method is that large amounts of drug can be extracted with a 
much smaller quantity of solvent. This affects tremendous economy in terms of 
time; energy; and, consequently, financial inputs. At small scale, it is employed as a 
batch process only, but it becomes much more economical and viable when 
converted into a continuous extraction procedure on medium or large scale.  
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3.2.2.1 Preparation of  plant extract: 
In this study, the procedure carried out by, Muhammad and Muhammad (2005) was 
followed with some modifications. The air dried and powdered materials of Punica 
granatum, Ricinus communis L and Thymus vulgaris L with water and ethanol were 
extracted in 500 ml for 72 hours on Soxhlet apparatus. Then the solvents  were 
removed by air drying using an oven over 3 days at 40ºC to obtain a crude extract, 
which shown in (Fig 3:5),  then  stored at 4ºC  in bottels  as shown in ( Fig 3:6). But 
in this study, the amounts of water and ethanol (70% concentration) used were 200 
ml of ethanol and distilled water as a solvent to obtain alcoholic and aqueous 
extracts of the plants, respectively. 
Temperature of Soxhlet was adjusted to 200ºC in the case of alcohol, and 250 ºC 
for distilled water. After 8 hours of extraction, Soxhlet apparatus was switched off 
and the solvent was removed using an oven for two days at 45 ºC to obtain the 










Figure 3.5: The extract after taking it out from 
the oven. 
Figure 3.6: The stored extract after 










3.2.3 The amount of plant extracts obtained from studied plant 
materials: 
The weights of plant materials used in this study were recorded befor and after 
obtaining the extracts and the results are in the following table. 








Solvent Amount of 
plant 
material used 
in  grams 
Amount of 
extract 
















































3.2.4 Preparation of modified diphasic liver infusion agar medium used 
for Entamoeba histolytica cultivation. 
 
In this study a modified diphasic liver infusion agar medium was used for culturing 
E. histolytica in vitro. It is a very nutrient media and has the main components for 
parasite's growth with some supplements as rice flour used as a carbohydrate source, 
bovine serum as a source of lipids, antibiotics and antifungal to prevent the growth of 
bacteria and fungi which sensitive to the used antibiotic and antifungal respectively. 
pH was adjusted to 7.2, which is the optimal  pH for the growth of E. histoltyica. 
 
The media preparation process was as follow: 
 
3.2.4.1 Solid phase  
The amounts were used
1
  for preparing the media are indicated in Appendix 1: 
After dissolving in 100 ml DW, the mixture was put to boil for two minutes in a 
microwave oven to ensure a complete dissolution of the materials. Each 7 ml of it 
was put in 13 ml screw cap tube, and then sterilized by using autoclave at 121 °C for 
around 15 –20 minutes and 15 lbs/in. More media was prepared following the same 
steps several times during this study.  
After sterilization, the tubes were tightly closed, and then were left to solidify in slant 
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Materials were obtained from the Medical Technology and Chemistry Departments in Islamic University 




3.2.4.2  Liquid phase 
The liquid phase consisted of two parts: 
  
A- Physiological salt solution consisted of the following: 
 
Material Concentration Amount 
prepared 
A- Disodium hydrogen phosphate (Na2HPO4) 0.95 g / 100 ml D/W 375 ml 
B- Dipotassium hydrogen phosphate (K2HPO4) 0.91g /100 ml  D/W 125 ml 
C- Sodium chloride ( Na Cl ) 0.9 g / 100 ml D/W 2500 ml 
 
Materials A, B and C were mixed well together for complete dissolving in DW to 
generate a 3000 ml volume compound. pH for Physiological salt solution was 




Horse serum was used in the beginning of the study but later the researcher replaced 
it with bovine serum because it's easier to find. Bovine or horse serum was used as a 
nutrient supplement, and heat- inactivated at 56 °C for 30 minutes in water bath then 
sterilized by using 0.45 filter papers, this sterile serum was put in sterile cups and 
stored at - 20°C. One ml of sterile serum was mixed with 6 ml of physiological salt 
solution then this mixture was added to a tube containing 7 ml of slant solid phase. 
3.2.4.3 Supplements  
A- Rice flour  
A large number of phagotrophic intestinal protozoon have been found to grow well 
when starch is added to the medium except of large protozoa, the grain must be small 
for ingestion, according to (Kibry, 1950). A loopful less or more of rice flour was 






B- Antibiotics  
Streptomycin 3 mg/ml and penicillin 1500-2000 Iu/ml were added to the media after 
E. histolytica’s cultivation to prevent the growth of bacteria that are sensitive to these 
antibiotics. 
C- Antifungal   
A drop of nystatin (originally named Fungicidin) was added to each media tube to 
prevent the growth of fungi. 
 
3.2.5 Cultivation of Entamoeba histolytica 
 
3.2.5.1 Sample collection 
 
Thirty stool samples from patients with amoebic dysentery were obtained from 
UNRWA clinic in El-shatte' refugees camp and from some private medical 
laboratories in Gaza
2
, and delivered to the Islamic University labs within 30 minutes.  
Direct smear examination using saline for each sample was first done, when viable 
trophozoites were found, the sample was then cultivated. Some stool samples were 
divided into four parts as following : 
          First part: preserved in 10 % formalin to maintain the shape of trophozoites for 
further    examination. 
Second part: preserved at  -20°C for DNA examination.  
Third part: mixed with 10 % glycerin for cryo-preservation.   









                                                 
2
Private laboratories in the following areas: Shat’e, Sheja’ea, and Al- Wehda Street.  
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3.2.5.2   Entamoeba histolytica cultivation. 
 
Axenic cultivation was used, which involves the cultivation of parasites in the 
absence of any other metabolizing cells (Clark et al., 2002). 
E. histolytica cultivation was as follows:  
When stool is soft, small portion at the size of a bean was inoculated well by 
stabbing into the solid phase, making sure that the sample spread well in the slant 
solid phase. But, when the stool is watery or mucoid, 0.350 ml of it were taken by 
micro pipette then inoculated into the solid phase. Then 7 ml of liquid phase were 
added to the sample which was inoculated in the slant solid phase. Antibiotic; starch; 
and antifungal were added as described previously after cultivation. Then culture 
tube containing medium; rice flour; antibiotics; antifungal; and stool–derived 
material which had been added were incubated vertically at 37Cº for 48 hrs before 
examination. 
3.2.5.3 Subculture of Entamoeba histolytica. 
 
After 48 hrs of E. histolyica incubation at 37Cº, a drop from the bottom of cultured 
tube was taken and examined directly under microscope, many subcultures were 
done when growth was found, when it wasn‟t the sample was incubated for one more 
week, and examined daily. 
 The best way reached by this study for successful subculture was as follows:  
- When E. histolytica’s growth was acceptable, 0.350 ml from the bottom of the 
sample was taken and added directly to the slant solid phase, then the liquid phase 
and the supplements were both added to it. 
- When the growth of E. histloytica wasn‟t acceptable (i.e. few trophozoites were seen 
in the samples under H.P.F), the liquid phase was centrifuged for 4 minutes at 2500 
r.p.m. Then sediment was transferred to a fresh slant solid culture tube then liquid 
phase and supplements were both added as described previously. After incubation for 
an additional 48 hrs, the culture was reexamined. 
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3.2.5.4 Cryo-preservation of Entamoeba histolytica. 
Cryobiology is the study of the effects of extremely low temperatures on biological 
systems, such as cells or organisms. Cryopreservation an applied aspect of 
cryobiology has resulted in methods that permit low temperature maintenance of a 
diversity of cells. The objective of cryopreservation is to minimize damage to 
biological material.  Cryopreservation provides a continuous source of tissues and 
genetically stable living cells for a variety of purposes, including research and 
biomedical processes (Brockbank et al., 2007). 
According to Miyata (1975), cryo-protective substances such as glycerol or DMSO 
are highly effective to keep higher survival rate of the protozoa in frozen state. Most 
workers recommended using 10% (v/v), glycerol or 5 to 7.5% (v/v), DMSO for this 
purpose. In this study, 10% (v/v), glycerol was used for cryo-preservation of E. 
histolytica then preserved at -70 Cº. When needed, it was cultured following the 
same way described above for subculturing then examined after 24 hrs. 
  
3.2.5.5 Preservation of stool sample containing Entamoeba histolytica. 
Small amounts of stool containing viable trophozoites was preserved at around − 20°C in 
order to obtain stool sample suitable for DNA extraction that is needed for PCR analysis. 
3.2.6 Preparation of plant extracts and metronidazole stock solution 
Stock solution of plant extract was prepared by weighing 1g of net extract in a known-
weight tube using an electronic scale, with the volume brought up to 5 ml using D W 
as a solvent in the case of aqueous extracts or 10% (v/v),  DMSO as a solvent in the 
case of alcoholic extracts and oils. This will lead to the preparation of 200 mg/ml 
concentration of plant extract. A stock solution for each plant extract was prepared. 
Then 2.5; 5; 10; 20; and 30 mg extract/ml media were prepared from the stock solution 
and 6.25% (v/v) and 12.5 % (v/v) for oils and pomegranate juice. Serial dilutions of 
metronidazole (5 mg/ml) using prepared media to obtain the concentrations of 10, 20, 




Figure 3.8:  Metronidzole activity assay.  
 
 
3.2.7 Plant extracts activity assay 
 
From each tube containing well grown E. histolytica trophozoites, six subculture tubes 
where done according to the method of subculture explained previously. This was done 
after microscopic examination to make sure that the tube contains many viable 
trophozoites in (H.P.F). These six tubes were used for: control; and for each plant 
extract concentrations of 2.5, 5, 10, 20, and 30 mg/ml. For oils and pomegranate juice, 
three subculture tubes were done: one for control; and two for the concentrations of 
6.5% (v/v); and 12% (v/v). Triple trials for each concentration were conducted to 
ensure the accuracy of the results, each trial consisted of; control (culture medium and 
E. histolytica); and test (extract or metronidazole, culture medium and E. histolytica); 
and for the synergistic effect (extract, metronidazole, culture media and E. histolytica).  
After incubation for 24 hrs at 37ºC the tubes were examined daily for 4 days, the 








































































Figure 3.9: Plant extracts, juice and oil activity assay  
 
3.2.8 Determination of minimum inhibitory concentrations (MIC) of plant 
extracts. 
 
The concentrations that inhibit the growth of parasite were determined by counting the 
total cells under microscope. According to (Upcroft and Upcroft, 2001), (MIC) is “the 
lowest concentration at which > 90% of the trophozoites growth is inhibited”. The 
tubes were chilled for 15 minutes to detach the trophozoites, and then the number of 
viable cells from every tube was counted twice.  
The results were calculated as: the growth inhibition with extracts compared with the 



























































































3.2.9 Polymerase chain reaction for Entamoeba histolytica. 
E. histolytica and E.dispar are morphologically identical and could not be 
differentiated by staining methods, so differentiation can be only made by isoenzyme 
analysis and molecular technique (Markell et al. 1999). The protocol of this study 
was done according to ( Qiagen Inc., USA) and  indicated in Appendix 2.   
3.2.9.1 DNA extraction 
In the present study, stool specimens (0.22 g) were used for DNA extraction. DNA 
was extracted using the QIAamp DNA Stool Mini Kit according to the 
















3.2.9.2 Principle and procedure 
 
Details about the principle and the procedure for PCR are indicated in Appendix 2. 
While (Fig 3. 10) shows  QIAamp DNA Stool Mini Procedure. 
 
Figure 3. 10:  QIAamp DNA Stool Mini Procedure (Qiagen Inc., USA) 
 













EH2  (P2) 
 P3:5'GATCCTCCAAAAAATAAAGTTT3' 
 
ED1  (P3) 












4.1 The growth of Entamoeba histolytica 
To follow the  growth of E.histlytica, the cultivated stool samples were 
microscopically examined daily for nearly two weeks after 48 hrs of incubation. 
During this peroid the number of seen motile trophozoites was recorded per H.P.F. 
The sample was considred negative if growth didn't occur through a week of 
cultivation. 
According to the following (Fig 4.1),  the growth of E. histolytica started from the 
third day, reaching the maximum growth in the seventh day, then the number of 
trophozoites started to decrease untill disappearing gradually after nearly two weeks 
of cultivation. While (Fig 4.2 ), shows E. histolytica trophozoites grown in modified  
diphasic liver infusion media. 
   
 






















4.2 Result of Polymerase chain reaction. 
As shown in (Fig 4.3),  EH1  (P1)  primer was used for  testing stool samples. Primer 
band size was 125 bp. This primer was compared with E. histolytica's  positive and 
negative control. The band  size of unknown stool samples was compared with the 
known band  size of ladder, size of unknown samples was 125 bp, this was consistent  
with the positive control size, according to that , it was confirmed that the stool 
samples used for this study were  E. hstolytica not E.dispar. 
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Figure 4.3: A representative photograph of ethidium bromide stained 2% agarose gel 
showing, the PCR products for some stool samples. Lane A; ladder, lane B; Positive 
control, lane C; Negative control. Lanes  D, E, F,  H, J, and K for  positive for E. 




4.3 The effect of plant extracts and their synergestic effect with 
metronidazole on Entamoeba histolytica trophozoite. 
  
The cultivated samples were examined after 24 hrs of cultivation and for a week, if 
the trophozoites were seen during this week this was cosedred positive results as 
shown in (Fig 4:4), But when testing the effect of extracts the samples were tested 
for 96 hrs, if there wasn't any trophozoite seen during this period, this means the 
extract had antiamoebic effect as shown in (Fig 4:5) 
 
 









Figure 4.5 : The effect of some plant extracts on the trophozoite 
 
 
4.3.1 The effect of aqueous extract of Pomegranates (Punica granatum) 
pulp on Entamoeba histolytica. 
 
During the examination, a good growth of E. histolytica was observed only in the 
control tube in the first 24 hrs, and this growth continued in this tube for the 96 hrs 
(the length of the examination period). While the growth in the tubes containing 2.5 
mg/ml, and 5 mg/ml of extract concentrations started at 48 and 72 hrs respectively. 
And continued until the end of examination period. No growth in the tubes 
containing the concentrations 10, 20 and 30 mg/ml of extract was observed during 
the examination period. 
The effect of the different concentrations of aqueous extract of pomegranate pulp 
on E. histloytica was observed (Fig 4.6). The MIC for aqueous extract of 
Pomegranate pulp was less than 10 mg/ml. Then aqueous extract of pomegranates 






Figure 4.6:  The effect of aqueous extract of pomegranate pulp on E. histloytica.  
 
4.3.2 The effect of alcoholic extract of Pomegranates (Punica granatum) 
pulp on Entamoeba histolytica. 
In the first 24 hrs of incubation, the growth of E. histolytica was observed in both, 
the control and 2.5 mg/ml concentration only and this growth continued for the end 
of the examination period (96 hrs). Meanwhile, no growth was observed in the 
other concentrations. The MIC for alcoholic extract of pomegranate pulp was less 
than 5 mg/ml. Then alcoholic extract of pomegranates pulp was found to have 




Figure 4.7:  The effect of alcoholic extract of Pomegranate pulp on E .histloytica. 
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4.3.3 The effect of aqueous extract of thyme (Thymus vulgaris L) leaves 
on Entamoeba histolytica. 
After 24 hrs of incubation, the growth of E. histloytica was observed in the control 
tube; 2.5; and 5 mg\ml extract concentrations, and this growth continued for the 96 
hrs of incubation but, the growth in the tube containing 10 mg\ml extract 
concentration started only within 72 hrs later. There was no growth at the rest of the 
concentrations for the period of examination which reflects a complete inhibition of 
E. histloytica. The MIC for aqueous extract of thyme leaves was found to be less 
than 20 mg/ml. Then aqueous extract of thyme leaves was found to have 




Figure 4.8:  The effect of the aqueous extract of thyme leaves on E. histloytica 
 4.3.4 The effect of alcoholic extract of thyme (Thymus vulgaris L) leaves 
on Entamoeba histolytica. 
 
In the control; 2.5; and 5 mg/ml concentrations, the growth of E. histolytica was 
observed after 48 hrs of incubation and until the end of the examination period (96 
hrs) but, the growth was completely inhibited at the rest of concentrations. The 
MIC for the alcoholic extract of thyme leaves was less than 10 mg/ml. Then, the 
alcoholic extract of thyme leaves was found to have a stronger antiamoebic effect 





Figure 4.9: The effect of alcoholic extract of thyme leaves on E. histolytica 
 
 
4.3.5 The effect of aqueous extract of pomegranates (Punica granatum) 
rind on Entamoeba histolytica. 
 
During the first 24 hrs of incubation, the growth of E. histolytica was observed in 
the control tube only while during the next 24 hrs, the growth started to occur also 
in the 2.5; and 5 mg/ml concentrations .The growth was completely inhibited in the 
10; 20; and 30 mg/ml extract concentraions.  The MIC for the aqueous extract of 
pomegranate rind is less than 10 mg/ml. Then, the aqueous extract of Pomegranates 
(P. Granatum) rind was found to have antiamoebic effect on E. histloytica as 




Figure 4.10:  The effect of the aqueous extract of pomegranate rind on E. histolytica.  
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4.3.6 The effect of alcoholic extract of pomegranates (Punica granatum) 
rind on Entamoeba histolytica. 
 
During the first 24 hrs of incubation, the growth of E. histolytica was observed only 
in the control while no growth was observed in the other concentrations. In the next 
24 hrs, the growth started to occur at both, the control; and 2.5 mg/ml 
concentration, while there wasn't any growth at the 5; 10; 20; and 30 mg/ml 
concentrations. After 72 hrs of incubation the growth was well observed at the 
control; 2.5; and 5 mg/ml concentratons while the growth was completely inhibited 
at other concentrations. The MIC for the alcoholic extract of pomegranates rind is 
less than 10 mg/ml. so, the alcoholic extract of pomegranates rind was found to 








4.3.7 The effect of alcoholic extract of castor (Ricinus communis) leaves on 
Entamoeba histolytica. 
 
In the first 24 hrs of incubation, there wasn't any growth in any of the tubes except 
the control while in the next 24 hrs, the growth started to occur at the control; 2.5; 
and 5 mg/ml concentrations. The growth was completely inhibited at the 10; 20; and 
30 mg/ml concentrations. The MIC of the alcoholic extract of castor was less than 10 
mg/ml. So the alcoholic extract of castor leaves has antiamoebic effect on E. 





Figure 4.12: The effect of alcoholic castor leave extract on E. histolytica. 
 
4.3.8 The effect of aqueous extract of castor (Ricinus communis) leaves on 
Entamoeba histolytica. 
 
In the first 24 hrs of incubation, the growth was observed at all concentrations but 
was greater at the control, this continued for 96 hrs of incubation. The growth wasn‟t 
inhibited at any tube but, the number of viable trophozoites decreased when the 









4.3.9  The effect of Thyme (Thymus vulgaris L) oil on Entamoeba histolytica. 
In this study two concentrations of thyme oil were used: 6.5% (v/v); and 12.50 % 
(v/v). After 24 hrs of incubation, the growth was observed at the control only, this 
growth continued for 96 hours while at 6.5 % concentration, the growth was 
observed after 48 hrs of incubation and disappeared later, so the MIC for the thyme 




Figure 4.14:  The effect of thyme oil on E. histolytica. 
 
4.3.10 The effect of pomegranate juice on Entamoeba histolytica. 
 
After 24 hrs of incubation the growth was observed only in the control and at 6.5 % 
(v/v) concentration, and this growth continued for the 96 hrs. Growth was completely 
inhibited at the 12.5 % (v/v) concentration. So the MIC for pomegranates juice was 
less than 12.5 % (v/v). Then, pomegranates juice was found to have antiamoebic 
effect on E. histloytica as ahown in ( Fig 4.15). 
 





Figure 4.15: The effect of pomegranate juice on E. histolytica. 
 
4.3.11 The effect of metronidazole on Entamoeba histolytica. 
As ahown in (Fig 4.16), the growth of E. histolytica was observed only in the control 
in the first 24 hrs of incubation, and then at 10 µg/ml concentration after 72 hrs. The 
growth was completely inhibited at the concentrations 20; 40; and 80µg/ml. So the 
MIC for Metronidazole was less than 20 µg/ml. Then, metronidazole was found to 




Figure 4.16:  The effect of metronidazole on E. histolytica.  
 
12.5 % 6.5 % 
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4.3.12 Synergistic effect of aqueous extract of pomegranates (Punica 
granatum) pulp and metronidazole on Entamoeba histolytica. 
 
As a result of this study, MIC for aqueous extract of pomegranate pulp is less than 10 
mg/ml and for metronidazole is less than 20 µg/ml. To evaluate the synergistic effect 
between them on E. histolytica, amounts less than MIC for each of them was used. 
The growth was good after 24 hrs of incubation in the control and (2.5 mg + 10 µg) 
concentrations, and this growth was completely inhibited at the (5 mg + 10 µg) 
concentrations. After 48 hrs the growth was completely inhibited at all the 
concentrations except the control and this continued for the 96 hours  too. So there is 
a synergistic effect between aqueous extract of pomegranates (P. granatum) pulp and 




Figure 4.17:  The effect of the aqueous extract of pomegranate pulp and 











4.3.13 Synergistic effect of alcoholic extract of pomegranates (Punica 
granatum) pulp and metronidazole on Entamoeba histolytica. 
 
The growth was observed in the control tube after 24 hrs of incubation, while the 
growth was inhibited at the (2.5 mg/ml extract + 10 µg metronidazole) 
concentrations. So there is a synergistic effect between alcoholic extract of 
pomegranates pulp and metronidazole on E. histolytica as shown in ( Fig 4.18). 
 
Figure   4.18: The effect of alcohloic pomegranate pulp extract and metronidazole on 
E. histolytica 
. 
4.3.14 Synergistic effect of  aqueous extract of Pomegranates (Punica 
granatum) rind and metronidazole on Entamoeba histolytica. 
 
As shown in ( Fig 4.19), the growth was inhibited at all concentrations except the 
control after 24 hrs of incubation. So, there is a synergistic effect between aqueous 





Figure 4.19: The effect of aqueous pomegranate rind extract and metronidazole on E. 
histolytica. 
 
4.3.15 Synergistic effect of  alcoholic extract of pomegranates (Punica 
granatum) rind and metronidazole on Entamoeba histolytica. 
 
In the first 24 hrs of incubation the growth was seen in the control only and inhibited 
at other concentrations. This result was the same for 48, 72 and 96 hrs. So there is a 
synergistic effect between alcoholic extract of pomegranates rind and metronidazole 
on E. histolytica as shown in ( Fig 4.20). 
 
 





4.3.16  Synergistic effect of  aqueous extract of thyme (Thymus vulgaris L) 
leaves and metronidazole on Entamoeba histolytica. 
 
 As shown in (Fig 4.21). MIC for the aqueous extract of thyme leaves extract on E. 
histolytica is < 20 mg/ ml and for metronidazole is < 20 µg. So 5 and 10 mg/ml 
extract concentrations were used less than the MIC and 10 µg for the metronidazole. 
The growth was good at the control and (5mg + 10 µg) concentrations after 24 hrs of 
incubation and continued for the 96 hrs too. But the growth was inhibited at the 
concentrations (10 mg + 10 µg). There was a synergistic effect between aqueous 




Figure 4.21: The effect of thyme leaves aqueous extract and metronidazole on E. 
histolytica. 
 
4.3.17 Synergistic effect of  alcoholic extract of thyme (Thymus vulgaris L) 
leaves and metronidazole on Entamoeba histolytica. 
 
In this study MIC for alcoholic extract of thyme is < 10 mg/ml.  2.5 and 5 mg/ml of 
extracts concentrations were used. The growth was seen in the control only and was 
inhibited at the other two concentrations, so there wasn‟t any trophozoite seen at the 
tube containing (2.5 mg extract + 10 µg metronidazole). These amounts less than the 
MIC for both extract and metronidazole. So there was a synergistic effect between 





Figure 4.22: The effect of the alcoholic extract of thyme leaves and metronidazole on 
E. histolytica. 
 
4.3.18 Synergistic effect of alcoholic extract of castor (Ricinus communisL)    
leaves and metronidazole on Entamoeba histolytica. 
In contrast to aqueous extract of castor, the alcoholic extract showed a good 
antiamoebic effect with MIC < 10 mg/ml. 2.5 and 5 mg/ml of alcoholic extract of 
castor leaves were used. The growth was seen at the control after 24 hrs of 
incubation and continued for the 96 hrs of examination. But the growth was inhibited 
at the other concentrations. So there wasn‟t any growth at the 2.5 mg/ml 
concentration of extract and 10 µg metronidazole. There was a synergistic effect 
between the alcoholic extract of castor (R.communis L) and metronidazole on the 






Figure 4.23: The effect of alcoholic extract of castor leaves and metronidazole on 
E. histolytica. 
 
4.3.19  Synergistic effect of  aqueous extract of castor (Ricinus 
communisL) leaves and metronidazole on Entamoeba histolytica. 
 
Aqueous extract of castor leaves is the only extract which didn‟t show any 
antiamoebic activity in this study at tested concentrations, 5 and 10 mg/ml extract 
concentrations were used with 10 µg metronidazole. After 24 hrs of incubation the 
growth was observed at the control, (5mg + 10 µg) and (10mg + 10 µg) 
concentrations, this growth continued for the 96 hrs of incubation but the growth at 
the control was greater. So there was no synergistic effect between this extract and 
metronidazole at tested concentrations as shown in ( Fig 4.24). 





Figure 4.24: The effect of aqueous extract of castor leaves and metronidazole on E. 
histolytica.  
 
4.3.20  Synergistic effect of thyme (Thymus vulgaris L) oil and 
metronidazole on Entamoeba histolytica. 
 
In the 3.25 % thyme oil concentration which is less than the MIC for thyme oil, and 
10 µg metronidazole the growth was inhibited after 48 hrs of incubation, and this 
growth was seen at the control. So there was a synergistic effect between thyme  
(T. vulgaris L) oil and metronidazole on E. histolytica as shown in ( Fig 4.25). 
 
 





4.3.21 Synergistic effect of pomegranate (Punica granatum) juice and 
metronidazole on Entamoeba histolytica. 
 
As shown in (Fig 4.26), when using 6.5 % and 12.5 % pomegranate juice 
concentrations with 10 µg metronidazole, the growth was observed after 24 hrs of 
incubation at the control tube only. This continued for 96 hrs, but the growth was 
inhibited during this period at the other two concentrations. So there was a 

























4.3.22 The Minimum inhibitory concentrations (MIC) for plant extracts 
on Entamoeba histolytica. 
 
The Minimum inhibitory concentration (MIC) for each plant extract  was recorded as 
the lowest concentration which can inhibit the growth  of E. histolytica trophozoites 
and the results were  as shown in  table (4.1 ).  
 
Table 4.1: MIC for each plant extracts  used in this study. 
 
Material Type of extract   MIC 
Pomegranate rind Aqueous extract    <10 mg/ml 
Pomegranate rind Alcoholic extract <10 mg/ml 
Pomegranate pulp  Aqueous extract    < 10 mg/ml 
Pomegranate pulp  Alcoholic extract <5 mg/ml 
Pomegranate juice  Juice  < 12.5 % 
Castor leaves  Aqueous extract    No effect  *** 
Castor leaves  Alcoholic extract <10 mg /ml 
Thyme leaves  Aqueous extract    < 20 mg/ml  
Thyme leaves  Alcoholic extract <10 mg/ml 
Thyme oil  Oil  < 6.5 % 
Metronidazole  Aqueous solution < 20  µg 
 





















4.3.23 The relation between each plant extract separately and with 
metronidazole on Entamoeba histolytica. 
To evaluate the synergestic effect between each extract and metronidazole, 10 µg/ml 
of metronidazole ( half amount of MIC) and amounts less than MIC for extracts were 
used. The following table shows this relation between each extract and 
metronidazole. 
 










Pomegranate rind Aqueous extract 10 µg/ml 2.5 mg/ml Synergism 
Pomegranate rind Alcoholic extract 10 µg/ml 2.5 mg/ml Synergism 
Pomegranate pulp Aqueous extract 10 µg/ml 2.5 mg/ml Synergism 
Pomegranate pulp Alcoholic extract 10 µg/ml 2.5 mg/ml Synergism 
Pomegranate juice Juice 10 µg/ml 6.5 %v/v Synergism 
Castor leaves Aqueous extract 10 µg/ml 10 mg /ml No synergism 
*** 
Castor leaves Alcoholic extract 10 µg/ml 2.5 mg/ml Synergism 
Thyme leaves Aqueous extract 10 µg/ml 10 mg/ml Synergism 
Thyme leaves Alcoholic extract 10 µg/ml 2.5 mg/ml Synergism 
Thyme oil Oil 10 µg/ml 3.25 % v/v Synergism 
 
 














Gaza strip is one of the most overpopulated areas in the world and as a developing 
country, suffers from intestinal parasitic diseases due to crowding, overpopulation, 
poor hygienic, poor sanitation, poor infrastructure, siege since eight years, 
contamination and inability to treat sewage.  
5.1 Cultivation of Entamoeba histolytica. 
In the present study a modified diphasic liver infusion agar media, was used for 
culturing E. histolytica in vitro. It is a very nutrient media and has the main 
components for parasite's growth with some supplements. Al –Tikrity et al., (2008), 
used a commercially product of liver infusion agar but in the present study it was 
prepared manually by using liver extract instead of liver infusion and peptone special 
instead of Proteose peptone. Bovine serum instead of horse serum and rice flour 
instead of rice starch were used in the preparing of the liquid phase. 
E. histolytica consumes nutrient which found in the media for division, growth and 
survival. The used media is highly nutrient with some supplements for trophozoites 
to live for long periods compared with the other media used for cultivation of E. 
histolytica. 
There are three basic types of culture systems of E. histolytica: xenic, monoxenic and 
axenic. Axenic culture which was used in the present study is a cultivation of the 
parasite in the absence of any other metabolizing cells (Clark and Diamond, 2002).  
Parasite's growth depends on the number of active E. histolytica trophozoites in 
cultivated stool sample, time for sample delivery to lab, incubation's temperature 
which should be adjusted to 35-37°C and culture medium which should contains the 
main nutrient sources and supplements. Differentiation of the E. histolytica organism 
and other nonpathogenic amoebiasis is extremely important to rule out other 
causative factors of intestinal problems that might lead to unnecessary therapy.  
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These non-pathogens and the designation as a pathogen or nonpathogenic is arguable 
even among experts, and often confuse both experienced and inexperienced 
personnel who are performing diagnostic testing of stool samples (Ridley, 2011).  
Modern molecular techniques such as  PCR are also being employed in the efforts to 
detect E. histolytica DNA in stool sample and fluid withdraw from liver abscess 
(Roberts et al., 1996). E. histolytica was successfully cultured in this study. E.dispar, 
cysts and trophozoites are morphological identical to E. histolytica, except that 
E.dispar is non invasive and never ingest RBCs. Because patients harboring E.dispar 
are asymptomatic and may not require treatment, laboratory reports should say "E. 
histolytica / E.dispar, unable to differentiate unless trophozoites are seen containing 
ingested RBCs.  If trophozoites with ingested RBCs are noted or immunoassay 
specific for E.histolyica is performed, the reports can confirrm the presence of this 
parasite (Leventhal and Cheadle, 2002). 
 Al-Hindi et al., (2005) reported that 30 % of suspected clinical amoebiasis in Gaza 
were negative for E. histolytica after analyzing them using (PCR) and they 
recommended the use of (PCR) for diagnosis E.histolytica in stool sample. In the 
present study, E. histolytica isolates were confirmed using (PCR). 
5.2 The growth of Entamoeba histolytica 
The growth of E. histolytica trophozoites in this study started from 3-5 days after 
cultivation and the growth reached its maximum in 5-7 days.  Then the growth 
started to decrease untill the trophozoites completely died in 12-14 days of 
cultivation, this result are consistent with the study carried out by Cruz et al., (2011). 
In their study iron-starved trophozoites were cultivated for 13 days in the presence of 
different iron sources. 
Also this result is consistent with a study carried out by Costa et al., (2006), who 
reported that, after 48 hours of cultivation, the E. histolytica EGG strains surpassed 
the E. dispar strains, the difference reaching a significant point at 72 hours. While 
the E. dispar strains suffered growth decrease between 48 and 72 hours, the EGG E. 
histolytica kept its exponential growth until 120 hours of cultivation.  
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So the maximum growth of E. histolytica was in the fifth day almost as the growth in 
this study. The maximum growth period for E. histolytica trophozoites which was 
achieved in this study may be due to the highly nutrient media and supplements 
which increase the nutritional materials and because of the absence of bacterial or 
fungal contaminations.  
5.3 Medicinal plants effect 
Medicinal plants represent an important health and economic component worldwide 
and are being used for hundreds of years with wide range of uses as therapeutics. 
Medicinal plants are considered more efficient and safer as natural products than 
their synthetic counterparts. The new health agenda focuses on institutionalization of 
medicinal plants in parallel with pharmaceuticals into the national health care scheme 
(Elujoba et al., 2005). Not only medicinal plants obtained from natural sources but 
also cheap, safe, popular, and with less side effects. 
5.4 The effect of thyme (Thymus vulgaris L) 
In the present study, T. vulgaris leaves extracts inhibited the growth of E. histolytica, 
both aqueous and alcoholic extracts. For alcoholic extract MIC was <10 mg/ml while 
in aqueous extract MIC was <20 mg/ml and in T. vulgaris oil MIC was < 6.5%. In 
particular, the essential oil of T. vulgaris exhibited stronger activity against E. 
histolytica trophozoites than the extracts. In fact, Lee et al. (2005) previously showed 
that the essential oil of T. vulgaris has greater antioxidant activity in comparison with 
its extracts. So in this study alcoholic extract, aqueous extract and T. vulgaris oil all 
of them showed antiamoebic activity. T. vulgaris essential oil and extracts seem to be 
good natural antiamoebic alternative for metronidazole. 
This is agreed with a study carried out by Behnia et al., (2008) with effect of T. 
vulgaris on E. histolytica and differed with the effective concentrations. In their 
study the antiamoebic effects of hydroalcoholic and n-hexane extracts, as well as of 
the essential oil, of T. vulgaris against E. histolytica have been tested.  
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The (MIC) for this plant‟s hydroalcoholic extract, hexane extract, and essential oil 
after 24 hrs was 4.0, 4.0, and 0.7 mg/ml, respectively.  
In this study, the result of the effect of thyme leaves extracts and oil on E. histolytica 
is consistent with the findings observed by Behnia et al., (2008) but differed in MIC 
values, due to differences in the Strain of E. histolytica used, components of culture 
media or incubation period of E. histolytica, full maturity of the used thyme leaves, 
time of leaves collection, extraction methods and procedures, the time of extraction 
process, and differences in methodology details and techniques. 
According to Duke et al., (2002) and kare,  (2008) the thyme is used as antiseptic, 
antibacterial, antifungal, antiviral, antispasmodic, ascaricide,  insecticide, vermifuge 
and for treatment many other diseases. Thymol has mild fungicidal properties and is 
used in alcohol solutions and in dusting powders for the treatment of tinea 
(ringworm) infections (Beale et al., 2010). 
T. serpyllum contains more linalool and p-cymol than garden thyme (T. vulgaris). 
Major constituent of the volatile oil of both species (highly variable) is thymol; with 
carvacrol (lesser amount in T. serpyllum, higher in T. vulgaris), cineole, borneol, 
geraniol, linalool. Bornyl and linalyl acetate, thymol methyl ether and alpha-pinene. 
Flavonoids include apigenin, luteolin, thymonin, naringenin; other constituents 
include labiatic acid, caffeic acid and tannins. The flavonoid fraction has been shown 
to have a potent effect on smooth muscle on guinea-pig trachea and ileum. Thymol is 
expectorant, urinary tract antiseptic and anthelmintic (Khare, 2008). 
5.5 The effect of Punica granatum (pomegranate) 
Pulp; rind extracts and juice were used. The (MIC) for aqueous extracts of rind and 
pulp were for both <10 mg/ml and for alcoholic extracts for rind and pulp were <10 
mg/ml and < 5 mg/ml respectively, and for pomegranate juice was <12.5% (v/v). 
According to these results all of P. granatum materials used in this study showed 




These results are consistent with the findings observed by Naqvi et al., (1992) who 
reported that, the aqueous extract of P. granatum rind has amoebicidal activity with 
(MIC) <10 mg/ml. Al –Tikrity et al., (2008) also studied the effect of aqueous and 
alcoholic extracts of P. granatum (pulp and rind) together on E. histolytica, 
according to their study the IC50 for aqueous extract was <0.75 mg/ml and for 
alcoholic extract was <1.25 mg/ml. So P. granatum (pulp and rind) aqueous and 
alcoholic extracts showed good results and have antiamoebic activity. 
The  result of the effect of pomegranate  materials on E. histolytica  is consistent with 
the findings observed by Al –Tikrity et al., (2008) in the antiamoebic effect  but 
differed in MIC values due to of differences in the Strain of E. histolytica used, 
components of culture media or incubation period of E. histolytica, parts of  
pomegranate  used, full maturity of pomegranate  and time of pomegranate  
collection, extraction methods and procedures, the time of extraction process and  
differences in methodology details and techniques. Rind of pomegranate is used for 
astringent, stomachic, digestive, diarrhoea, dysentery, colitis, dyspepsia and uterine 
disorders, while fresh juice of fruit refrigerant costive, antiemetic; given as an 
adjuvant in diarrhoea, dyspepsia, biliousness, inflammations of the stomach, 
palpitation, excessive thirst and fevers ( khare, 2008). 
The pomergnate has limited use in the traditional medicine but is acclaimed as a 
potent anthelmintic; the plant is an ingredient in the remedy for dysentery and 
chronic diarrhoea. The fruit rind is used in postpartum medication. The most 
important compound found in the plant is the antihelmintic alkaloid pelletierine, 
isopelletierine, pdeudopelletierine and methylisopelletierine (Iwu, 1993). 
 Pomegranate juice contains anthocyanins; glucose, ascorbic acid; ellagic acid, gallic 
acid, caffeic acid; catechin, quercetin, rutin; numerous minerals, particularly iron , 
amino acids while Pomegranate pericarp (peel, rind) contains: phenolic punicalagins; 
gallic acid and other fatty acids; catechin, quercetin, rutin, and other flavonols; 
flavones, flavonones; anthocyanidins (Jurenka,  2008).  
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For using as a treatment, Ghazanfar, (1994), suggested that pomegranate dried rind is 
mixed with thyme and flour, backed as bread and eaten to cure diarrhoea and as an 
antihelmintic. 
 Pomegranate and its constituents have been safely consumed for centuries without 
adverse effects.  Studies of pomegranate constituents in animals at concentrations 
and levels commonly used in folk and traditional medicine note no toxic effects. 
Toxicity of the polyphenol antioxidant punicalagin, abundant in pomegranate juice, 
was evaluated in rats. No toxic effects or significant differences were observed in the 
treatment group compared to controls (Jurenka, 2008). 
5.6 The effect of Ricinus communis (Castor) 
Aqueous and alcoholic extracts of R. communis leaves were tested for their 
antiamoebic activity; the aqueous extract didn‟t show any effect on the trophozoites 
of E.hsitolytica at the tested concentrations, while the alcoholic leaves extract 
showed antiamoebic effect with MIC < 10 mg/ml. The crushed leaves are used as a 
hot poultice for application to guinea-worm sores. The oil is used as a purgative and 
as dressing of sores, burns and ulcers.  The seed contains about 50% of fixed oil, 
which consists mainly of glycerids of ricinoleic, isoricinoleic, stearic and 
dihydroxystearic acids (Iwu, 1993).  
5.7 The effect of metronidazole 
Metronidazole (Flagyl) is one of drugs used for the amoebic and anaerobic bacterial 
infections treatment in Gaza and has serious side effects. Metronidazole activity on 
E. histolytica was also tested in this study with different concentrations; MIC was < 
20µg/ml. Resutls of this study consistent with those of Behnia et al (2008) and 
Nagvi., et al (1992) with the antiamoebic effect of metronidazole, but differed in the 
MIC values. MIC for metronidazole in their studies were < 2 and <5 μg/ml 
respectively. But in this study MIC was < 20 μg/ml.  These differences in the MIC 
values may be due to the difference in the E. histolytica strains, the quality of the 
metronidazole component; the techniques used, and may be due to the indiscriminate 
use of metronidazole by patients in Gaza with or without medical advice.  
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According to these results metronidazole still the drug of choice for treating E. 
histolytica infection but using it randomly and continuously without physician 
administrations may lead to emergence of parasite's resistant. 
5.8 The synergistic effect of the used plant materials each one and 
metronidazole. 
In order to reduce the metronidazole side effects and also to avoid parasitic resistance 
to the drug, synergistic effect between each plant extract and metronidazole was 
tested. The concentrations less than the MIC for each plant material and 
metronidazole tested together for their antiamoebic activity, each trial of the study 
repeated three times. All the tested materials showed synergistic effect with 
metronidazol except the aqueous extract of R. communis leaves at tested 
concentrations. 
Synergistic effect of plant materials and metronidazole has an important role to 
minimize the metronidazole dose which should be used by patients, for decreasing 
the drug side effects, parasite‟s resistance to drug and for increasing the drug effect 
on the parasite and also to avoid drug tolerance. According to Abula., et al (2004) 
drug tolerance occurs when an unusually large dose of a drug is required to elicit an 
effect ordinarily produced by the normal therapeutic dose of the drug. 
5.9 Comparison between alcoholic and aqueous extracts  
Aqueous extract is extract prepared using water as the extracting agent. These 
extracts mainly contain water-soluble constituents and few lipid-soluble components. 
The individual constituents are relatively unstable. While alcohol extract is an extract 
prepared using ethanol and water mixed at various ratios and concentrations. Ethanol 
(grain alcohol) is an excellent extracting agent. At higher volume concentrations, it 
can also extract lipophilic drug constituents, such as essential oils. Alcohol preserves 
the extracts for longer times (up to 2 to 3 years). And alcohol assists rapid absorption 




The alcoholic extracts in this study showed better result with strongest antiamoebic 
activity and lowest MIC values than the aqueous extracts except pomegranate rind 
extract where both showed the same effect with the same MIC values. In general, 
aqueous extracts showed less activity than ethanol extracts which may be explained 
in the light of what have been reported by De Boer et al., (2005), that the same active 
substances are present in water extracts, but in lower concentrations and/or that some 
active substances were more soluble in organic solvents and, therefore, not present in 
water extracts.  Thyme extracts is an excellent example for the differences between 
the effect of alcoholic and aqueous extract, in this study alcoholic was better, this 
may be due to the presence of thymol. According to Beale and Block, (2010), 
Thymol is slightly soluble in water but extremely soluble in alcohols and other 
organic solvents.  
5.10 Study limitations  
Though good effort has been made to put up an empirical  research however the 
following factors have been unavoidable absent as a result of their critical limiting 
factors for this study:  
1- Due to the political closure of gaza borders, getting ready – made media for 
the study was very hard and expensive so the researcher had to prepare it in 
the university lab which require the collection of all required materials from 
many sources which was time and effort consuming. 
2- Finding or getting horse serum for the media was not easy so the researcher 
had to replace it in later stages with bovine because it was easier to find. 
3- The delivery of samples within 30 minutes to the lab was one of the 
obstacles. 
4- University labs weren't available all the time which forced the researcher to 








It was found that modified diphasic liver infusion agar medium was useful for 
cultivation of E. histolytica. All the plant materials used in this study possessed 
antiamoebic activity in vitro with different levels except the aqueous leaves of R. 
communis extract which also was the only one which didn‟t possess synergistic 
effect with metronidazole at tested concentrations. 
First, about extracts:  Alcoholic extract of P. granatum pulp has the strongest 
antiamoebic activity with a MIC < 5 mg/ml and the most effective synergistic effect 
with metronidazole while the aqueous extract of T. vulgaris leaves has the weakest 
antiamoebic activity with a MIC < 20 mg/ml. The aqueous extract of R. communis 
doesn't have antiamoebic activity and synergistic effect at the tested concentrations. 
Second, oils and juice:  P. granatum juice possesses antiamoebic activity and 
synergistic effect with MIC < 12.5 % (v/v). T. vulgaris oil not only possesses 
antiamoebic activity and synergistic effect but also has the strongest activity and a 
MIC < 6.5%  (v/v) and the best synergistic effect.  
It was concluded that metronidazole is still effective against E. histolytica with MIC 
< 20 µg/ml and exhibits greater amoebicidal activity as compared to plant materials. 
Alcoholic extracts showed strongest amoebicidal activity and lowest MIC values 
compared with the aqueous extracts of plant materials used in the study except for 
the aqueous extract of P. granatum rind where the alcoholic and aqueous showed the 









1- It is recommended to use plant extracts under the study with metronidazole for E. 
histolytica treatment. 
2- Pomegranate and thyme should be recommended by physicians to treat E. histolytica 
infection. 
3- The plant materials which showed good amoebicidal activity in vitro should be tested 
in vivo on experimental animals  to evaluate amoebicidal affect and their synergistic 
affect with metronidazole on E. histolytica. 
4- There are many other medicinal plants should be tested for their amoebicidal activity. 
These plants are cheap, available and safe. So this study recommends examining 
them in other studies. 
5-   Further studies should be done to know the active ingredients of P. granatum ( 
pomegranates ) pulp, rind and juice, T. vulgaris ( Thyme) leaves  and oil, and R. 
communis (castor ) leaves , and then the active compounds which have amoebicidal 
activity can be isolated and can be used to invent new natural  amoebicidal drugs. 
6- Raising awareness regarding the use of medicinal plants to treat parasitic infection.  
7- It is recommended to use two or more of the used medicinal plants together to 
investigate their synergistic effect against E. histolytica. 
8- The effective medicinal plants should be in vitro tested on human lymphocyte cells 
to ensure that this plants safe and don‟t have any effect against human cells. 
9- Amounts less than MIC value for each plant extract should be tested on E. histolytica 
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Suggested protocol for E. histolytica cultivation 
Modified diphasic liver infusion agar media prepaeration for E. histolytica 
cultivation. 
This media consists of 
A- Solid phase   





Agar 1.4 g 
Sodium chloride (Na cl) 0.3 g 
Disodium hydrogen phosphate (Na2HPO4) 0.3 g 
Peptone special 0.6 g 
 
 
B- Liquid phase  
 
The liquid phase consisted of two parts: 
  
Part one - Physiological salt solution consisted of the following: 
 
Material Concentration Amount 
prepared 
A- Disodium hydrogen phosphate (Na2HPO4) 0.95 g / 100 ml D/W 375 ml 
B- Dipotassium hydrogen phosphate (K2HPO4) 0.91g /100 ml  D/W 125 ml 




Materials A, B and C were mixed well together for complete dissolving in DW to 
generate a 3000 ml volume compound. pH for Physiological salt solution was 
adjusted at 7.2 using a pH meter and then stored at 4°C.  
 
Part B-  Serum  
Bovine or horse serum was used as a nutrient supplement, and heat- inactivated at 56 
°C for 30 minutes in water bath then sterilized by using 0.45 filter papers, this sterile 
serum was put in sterile cups and stored at - 20°C. One ml of sterile bovine serum 
was mixed with 6 ml of physiological salt solution then this mixture was added to a 
tube containing 7 ml of slant solid phase, (horse serum was used also with few 
amounts).  
C-  Supplements  
1- Rice flour  
A loopful less or more of rice flour was added to each tube of media after standared 
autoclave sterilization. 
 
2- Antibiotics  
Streptomycin 3 mg/ml and penicillin 1500-2000 IU/ml were added to the media after 
E. histolytica’s cultivation to prevent the growth of bacteria that are sensitive to these 
antibiotics. 
3- Antifungal   
A drop of nystatin (originally named Fungicidin) was added to each media tube to 
prevent the growth of fungi. 
 
 Prorocol For E. histolytica Cultivation 
 
When stool is soft, small portion at the size of a bean was inoculated well by 
stabbing into the solid phase, making sure that the sample spread well in the slant 
solid phase. But, when the stool is watery or mucoid, 0.350 ml of it were taken by 
micropipette then inoculated into the solid phase. Then 7 ml of liquid phase were 
added to the sample which was inoculated in the slant solid phase. Antibiotic; starch; 
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and antifungal were added as described previously after cultivation. Then culture 
tube containing medium; rice flour; antibiotics; antifungal; and stool–derived 
material which had been added were incubated vertically at 37Cº for 48 hrs before 
examination. 
Subculture of Entamoeba histolytica. 
 
The best way reached by this study for successful subculture was as follows:  
- When E. histolytica’s growth was acceptable, 0.350 ml from the bottom of the 
sample was taken and added directly to the slant solid phase, then the liquid phase 
and the supplements were both added to it. 
- When the growth of E. histloytica wasn‟t acceptable (i.e. few trophozoites were seen 
in the samples under H.P.F), the liquid phase was centrifuged for 4 minutes at 2500 
r.p.m. Then sediment was transferred to a fresh slant solid culture tube then liquid 
phase and supplements were both added as described previously. After incubation for 











Polymerase chain reaction  
 
 
Principle and procedure for PCR  
 
The QIAamp DNA Stool Mini Kit is designed for rapid purification of total DNA 
from up to 220 mg stool and is suitable for both fresh and frozen samples. A special 
protocol is provided for isolating DNA from larger amounts of stool. The fast and 
easy procedure comprises the following steps: 
■ Lysis of stool samples in Buffer ASL 
■ Adsorption of impurities to InhibitEX matrix 
■ Purification of DNA on QIAamp Mini spin columns 
 
QIAamp DNA Stool Mini Procedure: 
 
According to (QIAamp DNA Stool Handbook, 2010) the procedure was as follows:  
1. 180–220 mg stool was weighted in a 2 ml microcentrifuge tube placed on ice. 
2. 1.4 ml Buffer ASL was added to each stool sample. Vortex continuously wasdon 
for 1 min or until the stool sample is thoroughly homogenized. 
3. The suspension was heated for 5 min at 70°C. 
4. Vortex for 15 s and centrifuge sample at full speed for 1 min to pellet stool 
particles was done, 
5. 1.2 ml of the supernatant into was added in a new 2 ml microcentrifuge tube and 
the pellet was discarded. 
6. 1 Inhibit EX Tablet was added to each sample and vortex immediately and 
continuously was done for 1 min or until the tablet is completely suspended. 
Suspension was incubated for 1 min at room temperature to allow inhibitors to 
adsorb to the InhibitEX matrix. 
7. The sample was centrifuged at full speed for 3 min to pellet inhibitors bound to 
Inhibit EX matrix. 
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8. All the supernatant was added into a new 1.5ml microcentrifuge tube and the 
pellet was discarded. Then the sample was centrifuged at full speed for 3 min. 
9. 15μl proteinase K was added into a new 1.5ml microcentrifuge tube. 
10. 200μl supernatant from step 8 was added into the 1.5ml microcentrifuge tube 
containing proteinase K. 
11. 200 μl Buffer AL was added and vortex for 15 s was done. 
12. Incubation at 70°C for 10 min was done. 
13. 200 μl of ethanol (96 –100%) was added to the lysate, and mixed by vortexing. 
14. The lid of a new QIAamp spin column was labeled and placed in a 2 ml 
collection tube. Carefully the complete lysate from step 13 to the QIAamp spin 
column was applied without moistening the rim. The cap was closed and centrifuged 
at full speed for 1 min. the QIAamp spin column was placed in a new 2 ml collection 
tube, and the tube containing the filtrate was discarded. 
15. Carefully the QIAamp spin column was opened and a 500 μl Buffer AW1 was 
added. The cap was closed and centrifuged at full speed for 1 min.  The QIAamp 
spin column was placed in a new 2 ml, collection tube, and the collection tube 
containing the filtrate was discarded. 
16. Carefully the QIAamp spin column was opened and 500 μl Buffer AW2 was 
added. The cap was closed and centrifuged at full speed for 3 min. the collection tube 
containing the filtrate was discarded. 
17. Recommended: the QIAamp spin column was placed in a new 2 ml collection 
tube and the old collection tube with the filtrate was discarded and Centrifuged at full 
speed for 1 min. 
18. The QIAamp spin column was transferred into a new labeled 1.5 ml 
microcentrifuge tube. Carefully the QIAamp spin column was opened and 200 μl 
Buffer AE was added directly onto the QIAamp membrane. The cap was closed and 








Polymerase chain reaction  protocol  
 
DNA was extracted from E. histolytica postitve stool samples using QIAamp DNA 
stool mini kit ( Qiagen Inc., USA) according to the manufacturer's instruction. Each 
PCR reaction mixture was prepared in promega Taq buffer containing 4mM MgCl2, 
500 mM KCl, 100 mM Tris–HCl, 1% Triton X-100, and 0.2 mM of 
Deoxynucleoside triphosphate per 100 µl of mixture. 
Amplifiecation conditions were optimized by DNA extracted from E.histolytica 
trophozoites as: 2 min cycle at 94°C & 35 cycles at 94°C  for 1 min, at 55°C  for 2 


























The t-test  was used in this study enabled us to decide whether the mean of the 
growth of E. histolytica in the  control was  really different from the mean of the 
























1- The synergistic effect between  pomegranate rind (Alcoholic extract ) 
and Metronidazole against Entamoeba histolytica. 
 
As shown in previous table, there is a statistical relationship between the control and 
the other two concentrations ( CON1 and CON 2 ). Since the P value is less than 0.05 
then the relationship between  the two concentrations on E. histloytica and the 
control is statistically significant.  
2-    The synergistic effect between  pomegranate rind (Aqueous  extract ) 
and Metronidazole against Entamoeba histolytica. 
 
As shown in the previous table,  there is a statistical relationship between the control 
and the two other concentrations in favor of concentration. Since the P value is less 
than 0.05 then this relationship is statistically significant. 
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0 0 7 48 hrs 
0 0 7 72 hrs 
0 0 9 96 hrs 
0.007 0.007  P value 
 
5 mg +10  µg 
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0 0 1 24 hrs 
0 0 3 48 hrs 
0 0 5 72 hrs 
0 0 6 96 hrs 





3- The synergistic effect between pomegranate pulp (Aqueous  extract ) 
and Metronidazole against Entamoeba histolytica. 
 
Since P value less than 0.05, so there is a relationship between the control and the 
two other concentrations (CON1 and CON 2), this relationship is statistically 
significant. 
 
4- The synergistic effect between pomegranate pulp (alcoholic extract ) 
and Metronidazole against Entamoeba histolytica. 
 
P value is less than 0.05, so there is a statistically significant relationship between the 
two concentrations and the control, in favor of the concentrations. 
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0.004 0.004  P value 
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5- The synergistic effect between castor leaves (alcoholic extract ) and 
Metronidazole against Entamoeba histolytica. 
 
As shown in the previous table, it appears that there is a statistical relationship 
between the control and the two other concentrations( CON1 and CON 2) in favor of 
the concentrations. Since P value is less than 0.05, so this relationship is statistically 
significant. 
 
6- The synergistic effect between castor leaves (aqueous extract ) and 
Metronidazole against Entamoeba histolytica. 
 
As appears from the previous table, the relationship between CON 1 and the control 
is not statistically significant as P value is more than 0.05  but in the case of CON 2. 
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0.017 0.017  P value 
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P value is less than 0.05 so the relationship between CON 2 and the control is 
statistically significant.  
 
7- The synergistic effect between thyme leaves (aqueous extract ) and 
Metronidazole against Entamoeba histolytica. 
 
As shown in the previous table, the relationship between CON1 and the control is not 
statistically significant as P value is more than 0.05. But P value for CON2 is less 
than 0.05, so the relationship between CON 2 and the control is statistically 
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8- The synergistic effect between thyme leaves (alcoholic extract ) and 
Metronidazole against Entamoeba histolytica. 
  
For both two concentrations (CON 1 and CON 2), P value is less than 0.05, so there 
is a statistically significant relationship between them and the control. 
 
9- The synergistic effect between thyme oil and Metronidazole against 
Entamoeba histolytica. 
 
For both CON 1 and CON 2 P value is less than 0.05 so the relationship between 
each one of them and the control is statistically significant, but is more significant for 
CON 2 so it's recommended to use CON 2. 
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10- The synergistic effect between pomegranate juice and Metronidazole 
against Entamoeba histolytica. 
 
P value for both CON 1 and CON 2 is less than 0.05, so the relationship between 
each one of them and the control is statistically significant.  
 
11- The effect of castor leaves ( aqueous extract ) on Entamoeba histolytica. 
 
As shown in the previous table, it appears that there is a statistically significant 
relationship between the control and all extract concentrations (P value is less than 
0.05). The 30 mg concentration is more effective on E. histolytica but didn‟t reach 
the complete lethal dose.  
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12- The effect of castor leaves ( alcoholic extract ) on Entamoeba 
histolytica. 
 
As shown in the previous table, the relationship between the control and 5, 10, 20 
and 30 mg/ml extract concentrations, is statistically significant ( P value is less than 
0.05). But in the case of 2.5 mg/ml the relationship is not statistically significant ( P 
value is more than 0.05). 10, 20, and 30 mg/ml extract concentrations are more 
effective against E.histolytica than the other concentrations.  
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0 0 0 0 0 3 24 hrs 
0 0 0 2 2 9 48 hrs 
0 0 0 4 4 9 72 hrs 
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Since P value for 5, 10, 20, and 30 mg/ml extract concentrations less than 0.05, so 
the relationship between the control and these concentrations is statistically 
significant. But this relationship is not statistically significant for 2.5 mg/ml ( P value 
more than 0.05). the 10, 20 and 30 mg/ml extract concentrations are more effective 
against E. histolytica than the others. 
 
14- The effect of thyme leaves ( aqueous extract ) on Entamoeba histolytica. 
 
As shown in the previous table, the relationship between the control ad 5, 10, 20, and 
30 mg/ml is statistically significant, since P value less than 0.05. But this relationship 
is not statistically significant for 2.5 mg/ml.  
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0 0 0 0 5 14 96 hrs 








Since P values for 5, 10, 20 and 30 mg/ml extract concentrations are less than 0.05,  
then the relationship between each one of them and the control is statistically 
significant, except for 2.5 mg/ml ( P value more than 0.05).  
16- The effect of pomegranate pulp (aqueous extract) on Entamoeba 
histolytica. 
 
As shown in the previous table, P values for 5, 10, 20 and 30 mg/ml are less than 
0.05, so the relationship between each one of them and the control is statistically 
significant and the effect of 10 mg/ml is the best. But the relationship between the 
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17- The effect of pomegranate rind (aqueous extract) on Entamoeba 
histolytica. 
 
P value for 5, 10, 20 and 30 mg/ml concentrations is less than 0.05 so the relationship 
between each one of them and the control is statistically significant. 
 On other side, the P value for 2.5 mg/ml is greater than 0.05 so the relationship 
between this concentration and  the control is not statistically significant. 
 
18- The effect of pomegranate rind (aqueous extract) on Entamoeba 
histolytica. 
 
Since P value for each one of  extract concentrations is less than 0.05, so the 
relationship between each one of them and the control is statistically significant, But 
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The relationship between each concentration and the control is statistically 
significant  ( P value is less than 0.05 for both), but the effect of (12.5 % v/v)  juice 
concentration is better and more effective against E.histolytica. 
 











Since P value for both concentrations is less than 0.05 so  the relationship between 
each one of them and the control is statistically significant, but (12.5 % v/v ) thyme 
oil concentration is better and more effective against E. histolytica. 
 
 
12.5 % v/v 
 





0 2 5 24 hrs 
0 3 7 48 hrs 
0 5 9 72 hrs 
0 6 14 96 hrs 
0.01 0.043  P value 
 
12.5 % v/v 
 





0 0 2 24 hrs 
0 2 5 48 hrs 
0 0 8 72 hrs 
0 0 9 96 hrs 
0.016 0.043  P value 
Time  
Time  
